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A Comparison of the Bearing Power of 
Footings on Dry and Inundated Sand” 


By W. Eastwood, B.Eng., Ph.D., A.M.I.Struct.E. 


Synopsis 

This investigation has shown that for narrow footings 
on inundated sand the ultimate bearing pressures are 
between $0 and go per cent. of those for footings on 
dry sand. According to the usually accepted theories, 
bearing pressures on inundated sand should only be 
about 50 per cent. of those on dry sand! due to the 
reduction in the apparent density of the sand and also 
(possibly) to a slight reduction in the angle of internal 
friction. The reason for the discrepancy between the 
theoretical and experimental bearing values is that the 
actual mechanism of failure differs from that assumed 
in any of the several theories, and further is slightly 
modified when the footing becomes inundated. The 
locus of the sliding surface was determined experi- 
mentally for the dry sand and computed bearing pres- 
sures based on the inferred failure mechanism agree 
with the experimental loads. 


Introduction 


The principal object of this investigation was to 
‘compare experimentally the bearing power of narrow 
footings on dry and inundated sand. 

It is usually accepted that the ultimate bearing capa- 
city of footings on a non-cohesive soil is directly propor- 
tional, amongst other things, to the density of the sand. 
Consequently a footing founded on an inundated sand, 
the apparent density of which is reduced by the buoyancy 
due to the water, would be expected to fail at a lower 
load than a similar footing on dry sand. Indeed, 
Terzaghi and Peck? have stated, “If the water table 
rises . . . to the surface of the sand, the effective unit 
weight of the sand y is reduced to its submerged unit 
weight y!. The submerged unit weight is roughly 
equal to one half of y. Hence the rise of the water table 
to the surface of the ground reduces the bearing capacity 
by about 50 per cent.’’ Since inundation will also 
reduce the angle of internal friction 2 for most sands, 
and according to all the accepted failure theories a 
small reduction in 2 gives a large reduction in bearing 
power, it appeared possible that inundation may in 
certain cases reduce the failing load by more than half. 


There was, however, no experimental confirmation - 


of Terzaghi’s statement, and since it is probable that a 
large proportion of footings become inundated either 
by a rising ground water level or by flooding at some 
stage of their life, it was obviously important to 
investigate its truth. 

The results of the investigation will not of course be 
important in designing footings of large breadth since 
in general the factor limiting the load on such footings 
is the permissible settlement rather than the ultimate 
failing load, but they will be applicable to many medium- 
sized footings and the majority of small footings. 

In addition they will be useful in designing road and 
runway pavements on frictional soils by the Golder* 
method. In this method the thickness of the runway 
is chosen so that its load spreading effect and its sur- 


* Paper to be vead before the Institution of Structural Engineers 
at 11 Upper Belgrave Street, London, S.W.1, on Thursday, January 
11th, 1951, at 6 p.m. 


charge weight are just sufficient to prevent ultimate 
failure of the soil immediately beneath a wheel load. 
The wheel load is assumed to be spread over a rect- 
angular area instead of the more usual circle or ellipse, 
and the ultimate failing load is calculated by either 
Prandtl or Terzaghi’s formule for the ultimate bearing 
power of frictional soils, both of which are discussed 
later. Golder states that where necessary due account 
should be taken of the possibility of the failing load 
being halved by inundation. 

It was originally intended to carry out only a few 
tests on dry sand in order to correlate the results with 
those obtained by Golder?, and then to carry out a 
comprehensive series of experiments on inundated sand 
for comparison. The tests on dry sand _ indicated, 
however, that Golder’s results are possibly unreliable, 
and so a comprehensive series of tests had to be made 
on the dry sand as well. 

In order to compare the mechanism of failure with 
the mechanisms suggested by Prandtl, Terzaghi, Krey 
and Ritter, the location of the surface of sliding was also 
determined opposite the centre of each footing. This 
proved very useful when analysing the results of the 
investigation, since it facilitated the explanation of the 
unexpectedly high bearing power of the inundated sand. 


Previous Investigations and Theories 


The more important experimental investigations 
concerning the bearing power of sands which had been 
carried out prior to 1940 were summarised by Golder® 
when describing tests made at the Building Research 
Station, the purpose of which was to clear up some 
uncertainties and contradiction which still existed. The 
three most important investigations summarised by 
Golder were those by Fellenius*, Kogler®, and Mei- 
scheider®. 

Fellenius used rectangular and elliptical footings 
ranging up to 30 cms. in width and 59 cms. long. His 
principal conclusion was that “on a purely frictional 
soil the maximum possible load per unit area of a 
rectangular or elliptical area is determined by the 
smallest dimension of the area and is proportional to 
this dimension.”’ 

Kogler’s tests were made on circular footings up to 
16 cms. diameter and on a series of rectangular footings 
of different shapes but all of the same area. He con- 
cluded that for circular footings the ultimate pressure 
is proportional to the diameter of the footing, whilst 
for footings of equal area the ultimate pressure increases 
as the footings become more compact. Some of Kogler’s 
experimental results are shown in Fig. 1, from which 
it will be seen that the graph of ultimate pressure 
against the area/perimeter ratio for rectangular footings 
is a curve. 

Meischeider obtained exactly similar curves using 
three similar series of rectangular footings, each series 
of which was of constant area but of different area/ 
perimeter ratios. Now, if the bearing pressure were 
directly proportional to the breadth of the footing, but 
independent of the length, the full line curve in Fig. 1 
should be exactly similar in shape to the dotted line 
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curve of Fig. 1 obtained by plotting the footing breadth 
against the area/perimeter ratio. The typical experi- 
mental curve is not, however, exactly similar to the 
dotted line, and the difference in shape may be due to 
one or possibly both the following factors. Either the 


Breadth (cms) 
iS} 
(atmospheres) 


Failing pressure 


Area / perimeter (ems) 


Fig. 1.—Comparison of ultimate load—A/P curve 


obtained by Kogler with A/P-breadth curve 


rate of increase of bearing power decreases with in- 
creasing footing width, or for a given footing width the 
bearing power may increase with increasing length. 
Plotting Meischeider’s results in another way as in 
Fig. 2 indicated that the latter might be the case, since 
there does appear to be a tendency for the squares to 
give pressures below the average for rectangular footings 
of the same width. 

To clear up this point Golder? carried out tests on 
‘6 in. wide footings of different lengths up to 30 in., and 
came to the conclusion that the bearing pressure was 
independent of length. Having established this fact 
it appeared that the difference between the two curves 
shown in Fig. 1 was entirely due to the rate of increase 
of pressure decreasing with increasing width. 


1 

2| Denotes ratio of 
a length to breath 
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Fig. 2.—Meischeider’s results and effect of width 
of footing 


Golder suggested that this decline in the rate of 
increase of bearing pressure may be connected with the 
decrease in the angle of internal friction of a dense sand 
with increase in pressure. If this suggestion is correct 
no decrease would be expected with loose sand, whose 
internal friction does not vary very much with pressure. 
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This might explain why Fellenius had obtained a 
straight line relation between “p”’ and “b”’ since he 
does not definitely state that his sand was compacted 
before testing. As will be shown later, however, the 
straight line relation might have been caused by Fellenius 
carrying out his tests in a box which was too small. 
Further, although the present tests were made on a 
sand whose angle of internal friction did not vary much 
for pressures up to 1.5 ton pet ft.? a distinct decrease 
in the slope of the p-b graph was obtained for pressures 
in this range. In view of this, another possible explana- 
tion of the fact that the ultimate pressure does not 


increase uniformly with footing width is put forward — 


later. 

At the time of Golder’s experiments the best-known 
methods of calculating the bearing pressure of footings 
were those due to Prandtl’, and Krey®, and he compared 


Ee 


the values given by these methods in his experimental ~ 


results. A further formula due to Ritter was also 
examined but it gave bearing values which were obviously 
inaccurate and will not. be mentioned further. 

The original Prandtl formula was derived in connec- 
tion with researches into the plastic flow of metal under 
the action of the cutter of a machine tool. Fig. 3 shows 
the assumed mechanism of failure, the wedges GAF, 
ABC and BED being assumed to behave as rigid wedges, 
whilst the sectors AFC and BDC deform plastically. 


Loaded 
width 


Fig. 3.—Diagrammatic representation of Prandtl’s 
condition of failure of loaded ground 


The curves CF and CD are logarithmic spirals.. Since 
the weight of the small mass of metal being deformed 
was negligible compared with the applied load, Prandtl 
took no account of it in his calculations. His expression 
for the ultimate bearing capacity q is 


I+ sin 2 
q =.c cot | etn (To ‘| 


I —sin 9 
where c is the cohesive shear strength and 2 the angié 
of internal friction of the material. It will be seen that 
for c = O the formula gives q = O, and if the formula 
were applied to soils it would mean that a cohesionless 
sand would have no bearing capacity. This, of course, 
is not true and the assumption chiefly responsible for 
the discrepancy is that the soil is weightless. Taylor 
has, however, applied a correction to Prandtl’s formula 
Te 12) 
4 2 

term c cot 2, where 2b is the footing width and y is the 
bulk density of the soil. The formula then becomes 


Tw D 
a= [ coos +b vent +=) ] 
4 2 
I+ sin 2 
[| ——— ex tan o| 
I—sin @ 


Krey suggested a graphical method, the surface of 
sliding being assumed to consist of a circular arc under 
the footing, terminating in a tangent at (45 — 2/2) 


by adding a “ weight factor ”’ b y cot to the 
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legrees to the horizontal (see Fig. 4). Krey stated 
shat the centre of the most dangerous circle would lie 
mn the same level as the underside of the footing and 
various trial centres are taken at this level. Golder, 
aowever, calculated that the bearing pressures would 
be lower if centres of rotation above the level of the 
bottom of the footing were used in the calculations. 


Loaded 
width 


Wedge CDE pushed 
up slope DE by 
rotating mass ACO 


Fig. 4.— Failure mechanism, according to Krey 


Fig. 5 compares the bearing pressure for a 6-in. wide 
footing on cohesionless soil according to Prandtl and 
Krey with the experimental value obtained by Golder. 
It will be seen that Prandtl’s formula gives the correct 
value if @ = 423° and Ktey is correct if @ = 44°, but 
because of the steepness of the curves the two methods 
give bearing pressures which differ by as much as 30 per 
cent. for any one value of 2. 
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Fig. 5.—Golder’s observed values compared with 
various theories 


The measured value of 2 varied between 48° and 
39° as the normal load increased from zero to 4 ton per 
sq. ft., and since it is difficult to estimate the mean 
pressure along the surface of sliding it can only be said 
that either 424° or 44° was a possible value for 2 in the 
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experiments. Thus it was impossible to say whether 
the Krey or Prandtl method was more correct. 

Unfortunately, Golder carried out his experiments 
in a box which was far too small for the footings used. 
As he himself points out, the theoretical position at 
which the surface of sliding cuts the sand surface is 
well outside his box according to both Krey and Prandtl. 
Although Golder did not think this important the 
present investigation has shown, as will be seen later, 
that it probably caused an increase in the failure loads. 

Since the publication of Golder’s paper Terzaghi’ 
has also published a general theory applicable to footings 
on any type of soil. Fig. 6 shows the supposed mechan- 
ism of failure and the failing load is given by the 
expression 

Q = b (cNe + y Dr Na + $ ¥ DNy) 

The symbols c, q, b and y have the same significance 
as before, D; 1s the depth of the footing below the soil 
surface and Ne, Nq and Ny are called bearing capacity 
factors. These bearing factors are dimensionless and 
depend only on the value of 2. Terzaghi has therefore 
computed them once for all and has plotted their values 
on a chart. 


Zone I /s achive Rankine zone. t Failure surfaces are symmetrical 


about footing ¢. Deformation during 


Zone II is plastic zone failure as on right. 


Zone Il ’s passive zone 


Fig. 6.—Mechanism of failure according to Terzaghi 


Since in the present case c and D; are both zero the 
value of ultimate load per unit length according to the 
Terzaghi formula becomes $yb*Ny, and the variation 
in pressure with 2 for a 6 in. wide footing is as in Fig. 7. 
Comparison with Fig. 5 shows that the Terzaghi and 
Prandtl formule give very similar results. 
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Fig. 7. Sera pressures by Terzaghi formula for 
6 in. wide footing on sand 


Although the ultimate pressures according to Prandtl, 
Terzaghi and Krey give fair agreement with Golder’s 
results on 6 in. wide footings, it is the author’s opinion 
that this agreement is entirely fortuitous, since in all 
three cases the assumed mechanics of failure appears 
to be incorrect in the light of the present investigation. 


Description of Apparatus Used in Present 
Investigation 


The apparatus used in the tests was very similar to 
that used by Golder. The sand was contained in a box 
whose inside dimensions were 4 ft. long by 3 ft. 6 in. 
wide by 16 in. deep. The upper edges of the box sides 
were carefully planed so that, by running a straight-edge 
over them, the surface of the sand could ke levelled. 
To keep the box watertight a lining of bituminous 
sheeting was inserted. For the tests on inundated 
sand, some of the sand was removed so that the sand 
surface was one inch below the top of the box and the 
standing water level just below the top of the box. 
Levelling of the sand surface was effected by running a 
straight-edge over the box sides as before but with a 
I in. deep recess cut in each end. 

Loads were applied to the footings by means of a 
screw-jack bearing against the horizontal beam of a 
frame built round the box as indicated in Fig. 8, their 
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Fig. 8.—Arrangement for testing 


magnitude being measured by a calibrated ‘‘ proving 
ring.’”’ The footings themselves consisted of various 
lengths of 3, 4 and 6 in. wide steel channel, and also 
squares and circles cut from mild steel plate. The strip 
footings varied between 6 in. and 30 in. in length by 
3 in. increments, but since the 30 in. ones sometimes 
gave unsatisfactory results due to one end sinking first 
their results are not quoted. 

The grading curve of the sand used in the investigation 
was as in Fig. g. The angle of internal friction of the 
sand when dry and at the dry density used in the 
loading experiments, i.e., 110 Ib. per cu. ft., was 423° 
and was virtually constant for all pressures up to 
1.5 ton per sq. ft. The shear box test was also carried 
out under water but it was difficult to obtain the same 
dry density as in the loading tests (again 110 Ib. per 
cu. ft.), and so the angle of internal friction which was 
obtained (39°) was almost certainly a little low. The 
mean specific gravity of the sand particles was 2.63, so 
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that the dry density of 110 Ib. per cu. ft. corresponds to 
a voids ratio of 0.49. 


Description of Tests 


The tests on dry sand were carried out first. After 
each test the sand was dug out to the full depth of the 
box and then recompacted after being replaced. The 


. main compaction was carried out using a hand rammer 


weighing 16 lb., the final compaction being made with 
a lighter, ro lb., rammer of larger area which caused 
less disturbance of the sand surface. The weight of 
sand in the box throughout the dry sand experiments 
was maintained at about 2,010 lb., and compaction was 
continued until not more than about 1 lb. of sand was 
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Fig. 9.—Grading curve for sand used in investigation 


scraped off by the straight edge. These scrapings were 
put back in the box before the start of compaction for 
the next test, and hence the mean density of the sand 
was, practically speaking, the same in all the tests. 
The variation in density from one part of the box to 
another was measured by inserting an open-topped can 
of known volume, and digging it out after the test and 
weighing the sand it contained. On the average the 
density obtained by this method 108 Ib. per cu. ft., was 
rather lower than the known value of 110, but the 
variation in measured density was relatively small, the 
limits being from 106 to 110 lb. per cu. ft. The variation 
in measured density was largely independent of the 
location of the sample and seemed to be due chiefly to 
experimental error. 

Load was applied to the footings by turning the screw 
of the jack at an approximately constant rate. The 
load steadily increased to a maximum and then quite 
suddenly dropped to between 50 and 80 per cent. of the 
maximum value. This sudden drop was accompanied 
by a distinctly audible sudden slip in the sand, and very 
little further penetration by the footing was sufficient 
to show up the outcrop of the slip planes on the sand 
surface. 

In some of the tests, measurements were made of the 
heave of the sand at various locations in the box for 
different penetrations of the footing. In addition the 
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vertical and lateral movements of the footing were 
ecorded. 

The procedure for locating the slip planes was as 
ollows. After compacting the sand, strips of thin 
issue paper about } in. wide and Io in. long were placed 
vetween two strips of steel whose ends were bevelled 
so that the two together gave a sharp point. The 
sointed end was pushed down into the sand, after which 
the steel strips were pulled apart, thus allowing sand to 
dow between them and to surround the tissue paper. 
The steel was then pulled slowly out of the sand, leaving 
the paper behind. This was repeated at various loca- 
tions, after which the top end of all the paper strips 
was trimmed level with the sand surface. After carrying 
out the bearing test, the paper strips were carefully 
dug out. At the sliding surface, a kink was found in the 
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Fig. 10.—Values of bearing power for rectangular 
footings of various widths on dry sand 


paper, or occasionally a tear, so that the depth of the 
slip plane was easily determinable at each point. Con- 
siderable care and practice was needed before the 
technique became sufficiently reliable, but eventually 
the failure surface could be traced fairly accurately 
except under the footing itself. In this region the sand 
movements appeared to be too confused, and it is 
probable that there was no distinct surface of sliding. 
For the inundated tests 1/16th of the sand was 
removed from the box, so that the voids ratio would 
be exactly the same as in the dry tests provided that 
the sand surface was just one inch below the top of the 
box. Sufficient water was then added to inundate the 
sand completely. 

After each test the sand was spaded over to its full 
depth and then thoroughly puddled and vibrated with 
a spade. The puddling was done from the centre of 
the box outwards, finishing in the corners, since it was 
found that the sand density at any point was increased 
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most during the puddling of adjacent areas, and it was 
therefore advisable to have the last areas to be worked 
in the corners where the lower density did not affect 
the footing failure. Great care had to be taken to 
remove all air from the sand since it is probable that 
an excess of small air-filled voids might give the soil 
some cohesive strength due to surface tension effects. 
In addition, they would add to the buoyancy of the sand 
and therefore decrease its. apparent density. 

Quite fortuitously, thorough puddling of the inundated 
sand produced exactly the same voids ratio that had 
been obtained by thorough compaction of the dry sand. 
This was very fortunate since it made the results of the 
two series of’ test directly comparable. 

As in the dry sand tests, lateral movement of the 
footings and the heave of the surrounding soil were 
measured for various penetrations. The determination, 
as in the previous tests, of the location of the slip planes 
in the sand mass was not of course possible, but the 
general mechanism of failure was shown to be very 
similar by the shape of the slip plane outcrops and the 
movement of the footings. 


Test Results 


(a) Bearing values for dry sand. The ultimate bearing 
pressures for 6 in., 4 in. and 3 in. wide footings of various 
lengths are shown in Fig. 10. For each of the footing 
widths the spread of the results is about plus or minus 
20 per cent. of the mean. In all cases the ultimate 
pressure appears to be independent of the length of 
the footing. 

The ultimate pressure is plotted against the least 
dimension of the footing in Fig. 11. For the rectangular 
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Fig. 11.—Ultimate pressure against least dimension 
(dry sand) 


and square footings the rate of increase of ultimate 
pressure with increasing breadth falls off fairly rapidly 
for footings up to 4 in. diameter, after which it appears 
to increase approximately uniformly with increasing 
footing width. The reason for this discontinuity will be 
discussed later. For 4 in. and 6 in. diameter circular 
footings the bearing pressure was only a little less than 
the pressure for a rectangle of the same width. With 
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greater diameters, however, the bearing capacity fell off 
rapidly compared with the square footings. Indeed, 
the bearing pressure for a 10 in. diameter circle was 
only approximately 0.78 (i.e., 7/4 approx.) of that for a 
10 in. square, but the author does not think that this 
indicates that the bearing pressure is proportional to 
the mean width for reasons which will be given later. 

The ultimate load was not nearly so distinct for the 
square and circular footings as in the tests on rectangles. 
Instead of a distinct drop in the load after it had reached 
the ultimate value as was obtained for rectangles, the 
load-penetration curve merely flattened out for a time, 
after which the load began to increase again. 

(b) Bearing values on inundated sands. Fig. 12 shows 
the ultimate bearing pressures obtained with 3 in., 
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Fig. 12.—Values of bearing power for rectangular 
footings of various widths on inundated sand 


4 in. and 6 in. wide footings on inundated sand. As for 
the dry sand, the bearing pressure appears to be inde- 
pendent of length. 

The variation of bearing pressure with least dimension 
is shown in Fig. 13, but the results for 10 in. and 12 in. 
plates are not given since there was no distinct ultimate 
pressure, the load increasing continuously though not 
steadily with increasing sinkage of the footing. 

(c) Mechanism of failure and location of slip surfaces. 
(xt) Circular and square footings not less than 6 in. 
across. On both dry and inundated sand the larger 
square and circular footings sank vertically into the 
sand without sideways movement. The sand surface 
rose evenly all round the footings and heave was apparent 
over almost the whole box area, even in the corners. 
No distinct failure planes were obtained, and it appeared 
that the sand was in a state of plastic flow to a con- 
siderable depth with general relative movement between 
the sand particles rather than just localised relative 
movement along definite slip surfaces. (2) Rectangular 
footings. The 3 in. and 4 in. wide rectangular footings 
failed as follows: Initially they sank vertically into 
the sand, causing an approximately equal heave on each 
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side. Immediately after the ultimate load had been 
reached, having ceased at one side and the footing 
began to move sideways a little, but this sideways 
movement was not pronounced until the sinkage was 
equal to nearly half the breadth of the footing. The 
outcrop of the slip surface appeared on one side of the 
footing only, shortly after the ultimate load had been 
passed, becoming more pronounced as the footing was 
driven further in. For both sets of footings on inun- 
dated sand, the outcrop was about in. further from 
the footing on the average than it was in the tests on — 
dry sand. Although there was quite considerable 
spread in the individual measurements, the distances | 

; 


were taken as the mean of a great number of measure- 
ments and it is probable that the difference is a real one. 
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Fig. 13.—Variation of bearing pressure with footing 
width for footings on inundated sand 


The average distance from the edge of the footing to 


- the failure surface outcrop, opposite the footing centre 


line, was, for 3 in. footings, about 154 in. on the dry 
sand, the range being from Ir in. to 20 in. In general 
the distance was slightly smaller for the shorter footings 
than for the long ones. The corresponding range for 
4 in. footings was I6 in. to 22 in. (i.e., the edge of the 
box) the mean position being about 20 in. 

The photographs in Figs. 14 and 15 show typical 
failures for 3 in. and 4 in. footings. In these tests the 


Fig. 14.— Failure of 4 in. wide footing 


depth of water standing on the surface of the sand 
initially was purposely limited to about % in., so that 
as the voids ratio increased due to the sand being 
disturbed during failure the water level fell to a little 
below the sand surface. Thus the outcrop line was very 
marked since the cohesion of the damp sand on the 
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surface was sufficient to cause a sharp edge to form. 
This facilitated the taking of the photographs. The 
footings have also been driven much further into the 
sand than in an ordinary test to make the mode of 
failure show more clearly. 

It was significant that the footing did not tilt more 
than one or two degrees in any of the tests despite the 
fact that the loading arrangement did not impose any 
restraint on rotation. 


Fig. 15.—Failure of 3 in. wide footing 


Typical slip plane locations for 3 in. and 4 in. footings 
on dry sand are given in Fig. 16. It will be seen that 
they agree fairly closely with the shape assumed by 
Krey and are very different from those suggested by 
Terzaghi and Prandtl. But since tilting of the footings 
did not occur the mechanics of failure must be different 
from those suggested by Krey. 

The 6 in. footings usually failed in a similar way to the 
3 in. and 4 in. footings except that the box was so small 
relatively that the failure plane outcrop was right up 


G= 27° 
lee %h-#/2 


(6) 4-in. wide footing. 


Fig. 16.—Typical locations of failure surfaces opposite 
footing centreline. Full lines show measured locus. 
Dotted lines show inferred locus 


against the end of the box (see Fig. 17). The failure 
planes were obviously being distorted but unfortunately 
the slip surfaces could not be located accurately by the 
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paper strip method since it was not possible to insert 
the strips sufficiently deeply. 

Very occasionally a failure surface was formed on both 
sides of the 6 in. footings, the two outcrops being between 
16 in. and 21 in. from the footing. Golder reported that 
this usually occurred in his tests on 6 in. footings in a 
box 42 in. long. Since the least dimension of the box 
used in these tests was 42 in. some of the footings were 
turned through go° and re-tested. Dual failure sur- 


Fig. 17.—Failure of 6 in. wide footing 


faces were now obtained more often although failure to 
one side was still more frequent. An important feature 
of these tests was that the mean ultimate load was 
6 per cent. higher on dry sand and 5 per cent. higher on 
inundated sand than with the footings facing the other 
way. Thus, cutting down the box dimensions in the 
direction of failure by 6 in. had increased the ultimate 
load significantly. 


Analysis and Discussion of Test Results 


It is apparent that the mechanism of failure was 
affected by the box being too small for all the footings 
wider than 4 in. The results of the tests on 3 in. and 
4 in. wide footings will therefore be discussed first. 

The values of the ultimate bearing pressure for 3 in. 
and 4 in. wide footings, according to Terzaghi, Prandtl 
and Krey (assuming that 9 = 422°), are compared with 
the experimental values in Table 1. The theoretical 
values of bearing pressure on inundated sand were 
obtained by multiplying those for dry sand by 1.63/2.63 
i.e., in the ratio of the apparent densities. 


TABLE 1.—Comparison of Theoretical and Actual Bearing 
Pressures for 3 in. and 4 in. wide Footings. 


Failing pressure (ton/ft.*) 
Method Footing | 
Width 

Dry Inundated 
Sand Sand 
Experiment 3 in. 1.35 1.18 
4 in. 1.62 1.30 
Terzaghi 3 in. 1.25 0.977 
4 in. 1.67 1.03 
Prandtl 3 in. Tes 0.84 
4 in. 1.80 Bott 
Krey Sin: Ws02 0.64 
. 4 in 1.36 0.85 


It will be seen that the experimental values of the 
bearing pressure on inundated sand are 87} per cent. 
and 804 per cent. on those on dry sand for the 3 in. 
and 4 in. wide footings. The value, according to 
Terzaghi, Prandtl and Krey should be not more than 
62 per cent. for each, even if 2 were not decreased by 
the inundation. It is obvious therefore that the bearing 
value has not decreased proportionately to the apparent 
density of the bearing medium. 

The Terzaghi and Prandtl bearing value agree very 
well with experimental values on dry sand, whilst the 
Krey formula gives values which are too low. Since, 
however, all three formule give values which are very 
low when the apparent density is decreased, it is probable 
that the agreement shown by Terzaghi and Prandtl on 
dry sand is quite fortuitous. 

It is, of course, easy, as with most analytical treat- 
ments of soil mechanics problems, to find flaws in the 
theories which will explain why they are not universally 
applicable. For example, both Terzaghi and Prandtl 
assume that part of the surface of sliding is a logarithmic 
spiral (see Figs. 3 and 6). This is very convenient 
mathematically since the resultant force on the spiral 
surface during sliding passes through the spiral centre 
and therefore has no moment about it. There is, 
however, no justification other than mathematical 
convenience for the spiral assumption. With regard 
to the Krey theory, very few footings would be free to 
rotate sufficiently far about the point C in Fig. 4 for 
failure to occur. In addition, it seems likely. that the 
line of action of ‘the reaction perpendicular to CD 
would be very near D once CDE started to move, 
instead on only 2/3 of the way along CD. The method 
also completely ignores the stresses along CD due to 
the footing load and their effect on the force polygon 
for the wedge CDE. 

Since the accepted theories did not fit the experi- 
mental results for both dry and inundated sand, an 
attempt was made to find a mode of failure which would 
fit them. Referring to Fig. 16 it will be seen that the 
failure surface follows a path similar to that predicted 
by Krey, but there was the important difference that 
the footings did not tilt ; instead they sank with their 
base more or less horizontal. This suggested that the 
wedge ABC in Fig. 16 was being forced up the slope BC 
whilst the sand underneath the footing was merely 
extruded plastically towards AB. The lines of flow 
would be as in Fig. 18. The measured rise in the sand 
surface at various points tended to confirm this theory 
since the surface AB in Fig. 18 rose fairly uniformly 
once the ultimate load was passed, i.e., a slip surface 
had been formed. 


Fig. 18.—Probable lines of flow under footing 


Further confirmation of this supposed mechanism 
of failure has been found in a recent paper by Peynircio- 
glu’. He tested footings on dry sand in a glass-sided 
box with one end of the footing right up against the 
glass. By taking a time exposure photograph as the 
footing was driven into the sand the movement of the 
sand particles was recorded. Although the sand 
movements at the end of the footing are not absolutely 
typical since the distance from the footing to the out- 
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crop of the slip surface is not so great at the end of the 
footing as in the centre, and there will also be friction 
effects against the glass face, the locus of the sand 
particles in Figs 11c of his paper (reproduced here in 
Fig. 19) will be seen to be very similar to that suggested 
in Fig. 18. Unfortunately Peynircioglu did not measure 
the failing loads so they cannot be compared with those 
obtained in this investigation. It is also unfortunate 


Fig. 19.—Locus of sand particles during failure as 
photographed by Penirciogla 


that, having discovered tuat failure occurred by slipping 
to one side only, he tried to reconcile this with the 
Terzaghi theory by saying that Terzaghi’s failure plane 
was the right shape but that a plane was formed on one 
side only. If that were so the failing load would always 
be much less than that predicted by Terzaghi, which this 
investigation has shown to be untrue. 

An analysis was made of the forces acting on the 
wedge ABC of Fig. 20, to determine whether the wedge 
would be on the point of moving with the ultimate load 
applied to the footing. It was unnecessary to consider 
the equilibrium of the mass ADB since if ABC moved 
the soil under the footing would flow out allowing it to 
settle. 
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Fig. 20.—Equilibrium calculations for wedge ABC 
for 3 in. footing 


If the soil can be considered to behave as a homogene- 
ous isotropic elastic semi-infinite mass, and the load 
on the underside of the footing is uniformly distributed, 
the stress distribution along AB is easily calculable. 
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Boussinesq?° derived expressions for the stress intensity 
at any point inside such a mass due to a point load on 
the surface, and the stresses due to a point load can be 
integrated to give those due to square, circular or long 
strip loaded areas. _ For a loaded area of infinite length 
the two principal stresses in a plane at right angles to 
the suns are given by 


o, = p/m (@ + sin 8) 
Sit p/= (8 — sin 8) 


where p is the pressure applied to the loaded area and 8 
is the “sight angle’ as shown in Fig. 21. The major 
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Fig. 21.—Principal stresses beneath infinitely long strip 
subject to load p per unit area 


principal stress bisects the angle 8 and the minor princi- 
pal stress is, of course, at right angles to o,. Since the 
soil is not perfectly elastic, however, the stress distri- 
bution due to a strip load will be somewhat modified 
by plastic flow. Also the stresses will be further modified 
by the fact that the contact pressure. across the base 
of a rigid footing is not uniform. For example, a 
perfectly rigid strip footing on a medium of infinite 
elastic range would have a contact pressure distribution 
as shown in Fig. 22a, the pressure at the edge being 
infinite. There would also be a concentration of load 
under the ends of the footing (Fig. 22b), in the case of 
footings not of infinite length. 

For a footing on the surface of a sandy soil, however, 
the pressure distribution on the underside of the footing 
is probably as shown in Fig. 22c, since plastic flow of the 
sand will occur near the edges, thus reducing the pressure 
in that region. The stress distribution in the soil mass 
will, therefore, be a modification of the distribution 
obtained by integration of the Boussinesq equations, 
the major principal stress directly under the footing 
centre line being somewhat increased at all depths, and 
the stresses at points away from the footing being very 
slightly reduced. Except in the immediate vicinity 


of the underside of the footing, however, the general. 


stress distribution will probably be very similar to that 
for a uniform base load of of the same total magnitude. 
Hence it has been assumed in working out the stresses 
on AB of Fig. 20, that the load on the underside of the 
footing was uniformly distributed and the soil has been 
treated as if it were perfectly elastic. 

The principal stresses have thus been worked out at 
several points on AB for the case of a 3 in. wide footing 
carrying the ultimate load found in the experiments. 
By means of the Mohr’s circle construction the direct 
stress on, and tangential stress along, AB were deter- 
mined at each of the points. These stresses are shown 
in Fig. zob. The forces acting on unit length of the 
wedge ABC would therefore be (i) its own weight 
vertically downward, (ii) the shear force on AB also 
vertically downwards, (iii) the horizontal force on AB, 
and (iv) the reaction from the underlying soil on BC. 
The polygon of forces for the wedge ABC for the case 
of dry sand would therefore be as in Fig. 20c. To close 
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the polygon the reaction on BC would have to be as 
shown by the dotted line. If BC is just on the point 
of moving, this line should be at an angle © to the normal 
to BC at the centre of pressure for BC. Since most of 
the pressure on BC will be near B because of the stresses 
set up by the footing load, the centre of pressure should 
be close to B on the nearly horizontal part of the curve. 
Thus the location obtained by choosing a normal to 
BC which is at 2 to the force-polygon closing line is 
quite feasible (see Fig. 20a). Accordingly, it would 
appear that the wedge ABC could reasonably be expected 
to be on the, point of moving under the experimental 
footing load, thus allowing sand to flow from underneath. 
the footing and permitting it to sink. 

It will be noticed from Fig. 20b that near B the shear 
stress on AB is becoming increasingly greater than the 
direct stress so that there would be no tendency for 
larger wedges than ABC to slide. Smaller wedges near 
the surface will of course tend to slide earlier than ABC 
but the instant these wedges yield, the horizontal force 
causing sliding will decrease, resulting, possibly, in an 
increase in the forces lower down AB. Yield is probably 
progressive, therefore, until eventually the whole wedge 
ABC moves. This would explain why heaving starts 
fairly near the footing initially and then slowly spreads 
outwards as the load on the footing is increased. 

The mechanism of failure in Fig. 18 having been 
found to be compatible with the experimental results 
on dry sand, similar calculations were made for the 
inundated footings. It was assumed in these calcula- 
tions that the shape of the sliding wedge ABC was as 
in Fig. 23, the angle ABC being 2° less than in Fig. 20 
because of the lower 2 value. Owing to this lower 2 
value and to the point C being 4 in. further from the 
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footing than for dry sand, B was about 4% in. deeper 
than in Fig. 20. Fig. 23b ‘shows the force polygon for 
ABC, the forces on AB being calculated from the known 
experimental failing load. It will be seen that. the 
direction of the reaction on BC given by the force 
polygon is again reasonably possible. Thus, if the 
stresses in the sand are in accordance with the elastic 
theory the wedge ABC should be on the point of sliding 
just as in the case of the footing on dry sand. 
Although the validity of the assumed mechanism 
of failure could only be justified by calculations based 
on the false assumption that the stresses in the sand 
are as given by the elastic theory, there appears to be 
no reason why it should not be equally valid when the 
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stresses are somewhat modified by some areas of the 
sand behaving plastically. Indeed, in view of the 
strong experimental evidence there appears to be little 
doubt that the lines of flow for the sand shown in 
Figs. 18 and 1g are the correct ones. 

It would not be justifiable to assume that the failure 
surface would be geometrically similar for all widths 
of footing and sand densities, so no attempt was made 
to produce a general expression for the failing load in 
terms of these two variables. Calculations were made, 
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Fig. 23.—Forces on wedge ABC for inundated sand 


however, to determine the failing load for 3 in. wide 
tootings on sands with various angles of internal friction. 
The density of the sand was assumed to be 110 Ib. per 
cu. ft. In these calculations the failure surface was 
assumed to be exactly as in Fig. 20 except that the angle 
ACB varied as 2 varied, the value taken being (45 — 2/2). 
The direction of the reaction of BC was also turned 
through an appropriate angle to take account of the 
rotation of BC and the change in 2. The magnitude 
of the shear and direct forces on AB was unknown since 
the footing load was unknown, but the ratio of one to 
the other and hence the direction of their resultant is 
constant provided that the elastic theory applies. It 
was therefore possible to draw the triangle of forces 
for the wedge ABC since the magnitude and direction 
of one of the forces acting on it was known, and also 
the direction of the other two. The magnitude of the 
forces on AB which would cause sliding with various 
values of @ having been determined, the load on the 
footing causing these forces was easily calculated. 

The calculated ultimate bearing pressures for various 
values of 2 are compared with those obtained by the 
Terzaghi, Prandtl and Krey methods in Fig. 24. For 
values of @ greater than 40° the agreement is reasonably 
good, but there is wide disagreement for 2 values between 
35° and 40°. This is probably due to unjustifiably 
extrapolating the results of the present experiments, 
but it is also possible that the various formule give 
values which are too low. Another investigation using 
a material of lower internal friction would be needed 
to elucidate this point. 

Even if it had been possible to obtain a general 
expression for the failing load in terms of the sand 
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density.and internal friction, it would have been difficult 
to take account of the decreasing rate of increase of 
bearing power with footing width. For example, the 
ratio of the bearing power of the 4 in. footings to that 
of the 3 in. footings was found to be 1.20. If the 
bearing power had been proportional to footing width 
this ratio would have been 1.33. A possible explanation 
of this is that the distribution of the pressure on the 
underside of the two footings is not geometrically 


‘similar. For example, it is conceivable that the limiting 
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Fig. 24.—Comparison of bearing pressures for 3-in. 
wide footings obtained by various theories and by 
extrapolation from experimental results 


load.near the footing edge which causes yield in the 
region of the edge is independent of the footing width. 
Thus the pressure near the edges of a wide footing 
might be the same as for a narrow footing and only in 
the centre would the pressure be proportionally greater 
(see Fig. 25). Thus the mean ultimate stress would 
not be proportional to the footing width. While this 
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Fig. 25.—Possible upthrust distribution which would 
not give mean pressures proportional to breadth 


is mere conjecture, it does seem that the alternative 
explanation put forward by Golder (that the falling off 
was due to a decrease in 2 at higher pressures) did not 
hold in this case since 2 only varied slightly with pressure. 

Referring now to the test results for the footings of 
greater width than 6 in. (see Figs. 11 and 13) it will be 
seen that the decreasing rate of increase of ultimate 
footing pressure is no longer evident. This is almost 
certainly due to the box being too small for failure to 
occur without interference from its sides. Even the 
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6 in. footing failure surface was obviously very distorted 
(see Fig. 17) and with wider footings the effect was 
more pronounced. It seems likely that if the box had 
been large enough the slope of the ultimate pressure— 
least dimension curve would have continued to decrease, 
but the increasing degree of cramping prevented this. 
It is interesting to see that the slope of the circular foot- 
ing curve continued to decrease up to the 8 in. footing 
size, after which it became nearly constant. It seems 
that partial inhibition of failure did not occur in the 
case of the circular footings except for diameters. of 
about Io in. and greater. 

The ratio of the ultimate pressure on inundated sand 
to that on dry sand for the 6 in. footings was 82 per 
cent., which is similar to the ratios obtained on 3 in. 
and 4 in. wide footings. This figure also shows that 
although the ratio was higher for the 3 in. than for the 
4 in. footings, there is not a general tendency for the 
ratio to decrease with increasing footing width. 

Since Golder tested 6 in. wide footings in a box 
smaller than the one used in the present investigations 
it is doubtful whether his results have great quantitative 
value. His conclusion that the failing pressure for 
rectangular footings is independent of width is, however, 
borne out by the present investigation. 


Conclusions 


The following are the principal conclusions to be 
drawn from the investigation. 

(1) For narrow, shallow footings on sand the 
ultimate bearing pressure is reduced by less than 
20 per cent. if the footing is inundated. This is very 
different from the usually assumed value of 50 per cent. 

(2) The mechanism of failure assumed by Krey, 
Prandtl and Terzaghi does not agree with that 
observed in the experiments, but for dry sand the 
Prandtl and Terzaghi formule give bearing values 
within 7 per cent. (lower for 3 in. footings and higher 
for 4 in. footings) of the experimental loads. Krey’s 
method gives bearing values which are 25 per cent. 
too low. All three theories give values which are 
much too low for inundated sand. 

(3) The movement of the sand is probably as 
indicated in Figs. 18 and 19 for both dry and inun- 
dated sands, and approximate calculations show that 
the observed bearing values were not incompatible 
with this mechanism. 

(4) The rate of increase of ultimate bearing pressure 
seems to decrease with increasing footing width, but 
the extent of this decrease could not be gauged for 
the 6 in. and wider footings because the bearing 


pressures were affected by the sand-box being too 


small. 


Book 


Architects’, Builders’ and Civil Engineers’ 
Reference Book. General Editor, E. Molloy. (London, 
Newnes, 1950.) 868 pages, II in. by 84 in. 63s. 

In the third edition of this valuable encyclopedia 
and book of reference, a new arrangement has been 
made and there are now twenty-two sections, which 
include chapters on basic building materials, structural 
steelwork and piling, reinforced concrete and brickwork, 
contractors’ plant, formwork and scaffolding and light- 
ing, water supply and sewage disposal. 

All the technical articles have been brought up-to- 
_ date, and a number of entirely new articles have been 

added. 

The book has been well indexed and contains many 
excellent illustrations, and is strongly bound. 
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(5) Golder’s conclusion that the ultimate pressure 
of rectangular strip footings is independent of their 
length is confirmed. 


In the opinion of the author, the safest way to design 
footings on sand is to carry out a bearing test and to 
apply a suitable factor of safety to the result. Instead 
of halving the bearing pressure so obtained if the footing 
is likely to be inundated, it is only necessary to multiply 
by, say, 0.75. A similar factor should be used when 
designing aerodrome runways by the Golder method. 

If a bearing pressure is determined by calculation 
using the Terzaghi, Krey or Prandtl methods a higher 
factor of safety is necessary than where design is based 
on actual bearing tests since these methods are likely 
to give excessively high bearing values for wide footings. 
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Reviews 


Applied Mechanics: Definitions and Formulae 
for Students, 2nd Edition, by E. H. Lewitt (London, 
Pitman, 1950.) 44 pages, 5#in. by 44 in. Is. (paper cover). 

This booklet contains definitions and formule for 
motion, force and energy, strength of materials, struc- 
tures, machines, and mechanics of fluids. New work 
on beams has been added to the section on strength of 
materials, and a strain-energy method of solution for 
redundant frames has been added to the structures 
section. The former section on Hydraulics has been re- 
named Mechanics of Fluids and a considerable amount 
of new matter has been included. 

There have been twelve impressions of the first 
edition since publication in 1929, showing how useful 
the booklet has been found. 


ft @ 
The Structural Engineer 


A Fundamental Approach to 
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Prestressed Concrete Design 
By J. W. H. King, M.Sc., A.M.LC.E., A.M.I.Struct.E. 


Introduction 


It has appeared to the author for some considerable 
time that a reluctance on the part of designers to depart 
M f 
from the well implanted formula — = -, and the 
v 
modular ratio concept of reinforced concrete design was 
leading them into considerable difficulties and _per- 
plexities when tackling prestressed concrete work. As 
a result one frequently hears the questions, ‘‘ How do 
you find ‘I’ for a prestressed beam ? ’’—‘‘ What is 
the modular ratio for a concrete stressed so highly as to 
have considerable plastic deformation ? ’’—‘‘ How can 
one deal with composite construction where part of the 
work is prestressed and part cast in situ, the concretes 
being of different qualities ? ’’—etc. More and more 
elaborate formule appear daily, which try to weigh the 
imponderables involved, and “ guestimation”’ plays a 
large part in much design work as a consequence, the 
errors being safely.masked by that ever to be cherished 
factor of “‘ ignorance.” 

The work which follows is an attempt to lead the 
subject back to fundamentals, when it will be seen that 
most of the perplexities about how to find the answer 
will disappear, provided the properties of the materials 
used are known, or can be closely estimated. Ali that 
is required is a stress strain curve for each grade of 
concrete used, and for the steel, the concrete curves 
being required for instantaneous deformation only for 
most problems, since they give conservative designs, 
but being advisable on a long-term basis also (i.e., 
including full plastic deformation or creep) for con- 
sideration of some aspects of the work. Given this 
information (without which design by any method must 
be purely guesswork) the only laws to be followed are 
the fundamentals of all bending theories, viz. :-— 

1. That total compression on a cross-section—total 
tension on the same section = externally applied thrust 
(= zero in pure bending problems). 

2. That the moment of these two about any point = 
the externally applied moment at the same point. 

3. That plane sections remain plane after bending—a 
fact abundantly confirmed by experiment except in 
such cases as have freak re-distribution of strain due to 
local failure. It is not implied that stress variation 
across the section is therefore linear. This is the case, 
of course, for materials being worked within the range 
where their stress-strain curve is linear. In the main 
this is not so in prestressed concrete work, where both 
concrete and steel are highly stressed. 

No attempt will be made in what follows to deal 
with the practical details of prestressed concrete 
construction, since there is an abundant literature 
dealing with this already, and only a simple approach to 
the basic design principles will be attempted, by a 
method which it is shown can easily deal with such 
problems as creep, non- -linear stress-strain relationships, 
composite construction, hysteresis, and the possibility 
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or otherwise of developing tensile stress (as distinct 
from strain) in concrete. The significance of errors in 
one or two cases are also demonstrated, such as the 
case of too low a concrete strain, or of faulty tensioning, 
and the principles of a logical approach to “ non- 
bonded ” construction are also indicated. 

The following terms are used in the text, and their 
significance should be noted. ‘“‘ Pre-stressed concrete ” 
is any concrete in which the steel has been placed in 
tension relative to the concrete adjacent to it. Where 
the steel has been tensioned against permanent anchor- 
ages before the concrete has been placed in intimate 
contact round it, and has subsequently been released 
from those anchorages after developing full bond with 
the hardened concrete, it is said to be “‘ pre-tensioned.” 
Where the tensioning is done against the already 
hardened concrete (for instance when placed freely in 
a longitudinal cavity in a beam, then tensioned by jacks 
against the ends of the beam and subsequently wedged) 
it is said to be “ post-tensioned.” Such “ post-ten- 
sioned ’’ work may be left with the steel free except at 
the wedged or anchored ends, when it is “‘ non-bonded,” 
but it is usually “ bonded” by introducing a liquid 
mortar into the cavity under pressure, which when set, 
ensures that steel and concrete strain together at any 
particular section. The stage at which concrete first 
carries the load due to steel tension is spoken of as 
“transfer.” It is, of course, the same time as tensioning 
in the case of post-tensioned work, and the time of 
release of steel from permanent anchorages in the case 
of pre-tensioned work. 


Fundamental Principles 


Suppose that a concrete has stress strain characteris- 
tics as Fig. 1. At some stage of loading and steel 
stressing, a beam having a cross-section as Fig. 2 (i) 
might have a strain distribution as Fig. 2 (iii). Its 
stress distribution would then be a replica of the appro- 
priate part of Fig. 1, between stresses c, and c, corres- 


Stress 


Strain 
Fig. 1 


ponding to strains e, and e,, and would be non-linear in 
the instance given. The strain at steel level, e3, is 
easily found from the fact that the strain distribution 
7s linear. 

At such a stage, the total compression being developed 
“C”’ is clearly equal to b x the area of diagram 2 (ii), 
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nd for pure bending is equal to the total steel tension 
T.” The bending moment being developed is thus 
C or T) x (a) where “a’”’ is the distance from steel to 
he centre of area of Fig. 2 (ii), or the ‘‘ compression ”’ 
entre. At another stage, say at “ transfer,’ the stress 


a) (iv) 
Fig. 2 


listribution might be as in Fig. 2 (iv). Here it has been 
vssumed that concrete, although developing tensile 
strain, does so by developing numerous hair cracks, and 
therefore does not develop tensile stress. At this stage, 
therefore, since there is assumed to be no external 
moment, the centre of compression must be on the steel 
centre line, whilst the total values of C and T must 
again be equal, although not, in general, the same as 
for Fig. 2 (ii). 

The connection between the two stages is provided 
by the fact that for bonded work or for non-bonded 
work where the section and external moment are both 
constant throughout the beam, the steel at any point 
and the locally adjacent concrete must strain by the 
same amount between any two stages. (The general 
non-bonded case is dealt with in Example 12.) Provided 
these fundamentals are adhered to, no further principles 
are required, and pre-stressed beam design becomes a 
simple case of watching that C = T, aC = M and steel 
and concrete strain together, where bonded together. 
It is of course necessary to see that the stresses involved 
are not beyond the strength of the material at all stages, 
but within this limitation there is no restriction placed 
on beam size, neutral axis position at any loading stage 
first considered, steel area, steel stress, etc. In general 
it would be usual to arrange that c, was equal to the 
ultimate stress of the concrete in the beam, and “ t’’ the 
steel stress as high as practicable at the bending moment 
given by a “‘factored”’ load. This stage is referred to 
below either as “at failure’ or at “ ultimate load,” or 
“ultimate moment.” It will be seen (Examples I and 2) 
that it is not always practicable to stress the steel to 
its ultimate, this being possible only where the neutral 


axis at failure of the beam is very high, owing to the . 


great extensibility compared with concrete, of even the 
work-hardened high tensile steels usually used in pre- 
stressed work. This naturally means under-reinforced 
beams, and heavy designs. It will usually be found 
better to work on a lower maximum stress in steel, say 
‘the .2 per cent. proof stress, the yield stress (where 
present), or, say, 75 per cent. of the ultimate strength. 
Various examples of application of these principles 

are given below. In cases where it is necessary to find 
the area of a stress diagram which is not linear, it has 
been found from the well-known approximation that 
if the ordinates of a continuous curve at xX = 0, kX = 
iL 
— and x = L are respectively a, m and b, the area 
re 
‘between x = O and x = L is given by 

1» 

Area = — (a + 4m + b) 
6 


13 


A further approximation is also used to find the propor- 
tional distance “‘ r’’ of the centre of area from the x = O 
point, 

viz.:r = (b + 2m)/(a + b + 4m). 


More rigid methods are not usually warranted, but can 
of course be employed if necessary. 

For all examples, the stress strain curves for steel and 
concrete are taken to be those of Figs. 3 and 4. The 
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steel curve is that of general strain, not the localised. 
value present at the necking close to the fracture, the 
two curves being the same up to a stress in the region 
of 200,000 p.s.i. for the steel used in this instance. The 
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Fig. 4 


concrete curve marked (ST) is that assumed for sudden 
loading, where no plastic flow can occur. It is difficult 
to obtain in practice, since creep is immediately present, 
and has had to be estimated bearing in mind that lower 
strains were the ones leading to safer designs, and that 
concrete of a strength better than that specified, or of a 
greater age, would have lower strains than the true 
values for 6,000 p.s.i. concrete at 28 days. The (LT) 


T4 


curve is a reasonable one for such a concrete under long- 
sustained loading, being nearly approached by increasing 
normal laboratory test strain after about two hours, by 
some 25 per cent. The significance of errors in these 
values will appear in the examples ‘below. 

For the first example, certain simplifying assumptions 
are made which are either dealt with particularly in 
subsequent examples, or whose effect is at once appre- 
ciated after dealing with the particular cases below. 
These initial assumptions are :— 

1. Steel is bonded to concrete between transfer and 
ultimate load, the beam being post-tensioned, after all 
concrete shrinkage has taken place, and being of con- 
stant cross-section. 

2. The moment caused by self weight of the beam 
on tensioning is ignored. 

3. Tensioning of the steel, and application of a load 
such as would cause failure are both assumed to be 
rapid, so that, for safety, the ST curve is used. 

4. Concrete maximum stress at failure to be 6,000 p.s.i. 
whilst that in steel at the same time = 75 per cent. of 
the ultimate, i.e., 160,000 p.s.1. 

5. Concrete tensile stresses are assumed non-existent, 
although strains may be present (as in normal RC 
design). 


Example i. 

A beam is required 6 in. wide, to take a working 
moment of 537,600 lb., with a safety factor of 2.5. In 
order to lighten construction, it is desired to have the 
neutral axis at failure at .8 of the effective depth (i.e., 
n = .8d), and a rather high concrete prestress of 3,750 
p-s.i. will be permitted. 


At failure, concrete stress distribution will be as Fig. 5 (i), 
therefore total compression (referring to Fig. 3 for 


z 
values = 6n. -— (0 + 4.4500 + 6000) = 24000n = 
19200d. 6 3 
6000 + 2.4500 5 
also -r = a= 
24000 8 
Hence “a” = .2d. + 5/8 (.8d) aay {elk 
Total moment ,= «9.70. x 19200d ‘= 25a 5g Zee 
= 1344000 
Hence d =sroan 
Ig200 X 10 
Area of steel needed = ——_—_—. = 72 sq. im 
160000 
Concrete maximum strain at top of beam 
(ST curve)i==).00n, 
2 
therefore strain at steel level = — - x .0O1 = 
8 — .00025 


At transfer (Fig. 5) (ii)—Referring to Fig. 3 for values. 


oh 
Total compression = — (0 + 3750 + 4.200), 
6 == P2T5O 1 
3750 + 4200 
and r = —————— _ = .65 
12150 
Concrete strain at bottom of beam (ST) = .0004 
therefore at steel level = .65 x .0004 = .00026 
Hence change in steel strain between transfer and 
failure of beam = .00025 + .00026 = .00051 
Steel strain at beam failure (Fig. 4) for 160,000 p.s.i. = 
. 00085 
Hence strain after transfer = .00685 — .0005I1 = 
.00634. 


corresponding to a stress of 154,500 p.s.i. and a load 
of 185,400 Ib. 
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Hence we have 12150 h = 185400, or h = 15.25 u 

Of this, .65 h is above the steel (= 9.9 in., which | 

< 10 in. and possible) and 5.35 in. below the steel. 

Hence the beam should be 6 in. x 15.35 in. wit 

1.2 sq. in. of steel 10 in. down, tensioned to 154,50 
DeSet: 

N.B. 1. Strictly an allowance should have been mad 
for the cavity left for the steel at tensioning. As th 
final effect is small as a rule it may usually be quit 
safely ignored. 

2. Stressing steel at failure to a higher value, sa 
200,000 p.s.1., would have made only .g6 sq. in. of ste 
necessary, but its strain would have been .org. Thu 
at transfer, strain would have been .01849 and the stres 
sensibly still 200,000 p.s.i. The dangers of failure du 
to creep, faulty tensioning, etc., are very evident. Als 
it will be found that the tensioning load is now 192,000 Ib 
calling for some increase in concrete. 

3. As a matter of practical detail, the provision of 
cavity adequate for 1.2 sq. in. of steel, possibly provide 
in rods of only .2 in. diameter would be difficult in such 
beam, and it would be policy to increase its depth c 
lower width so as to provide more room, and at th 
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Beam section and stresses 
for Example |. 


Fig. 5 


same time cut down the pre-compression in the concrete 
which is higher than many designers will allow. Les 
steel at the expense of more concrete is also possible b’ 
decreasing the ratioofntod. This is done in Example z 
where concrete stress at tensioning is also made lowe 
than that used above. 


Example 2. 

Modify the design of Example 1, so that the neutra 
axis is relatively higher at failure (n = .4d), and concret 
stress at transfer is not greater than 2200 p.s.i. 


At failure. Total compression = 24000 n = 9600 ¢ 
and lever arm = .6d + 3 (.4d) = .85d 


Hence 9600 x .85d? = 1,344,000 or d = 12.8 in. 
g6oo x 12.8 
Steel required = = —————— = .768 sq. in. 


160000 


Concrete strain at steel level = 
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t transfer. Compression = h (0 + 2200 + 4.1125) = 
6700 h 
and r = (2200 + 2250)/6700 = .662 


whilst maximum concrete ST strain = .0002I1. 
therefore Strain at steel level = .00021 x .662 = 
.OOO14 
therefore Change in steel strain = .0o15 + .00014 = 
.00164. 
But Failure strain = .00685, therefore Tensioning 
strain = .0052I1 corresponding to a stress of 138,000 
p-s.i. and a total tension of 106,000 |b. 
106000 
Fence! i= = == 15.6 in. 
6700 


Depth below steel == 15.8 x (I — .662) = 5.35 in. 
Hence total depth = 12.8 + 5.35 = 18.15 in. 
Hence beam is 6 in. x 18.15 in. with .768 sq. in. of 

steel at 12.8 in. depth, tensioned to 138,000 p.s.1. 


N.B. Trial of a steel stress of 200,000 p.s.i. at failure 
1 this case would still show a need for a prestress of 
98,500 p.s.i.; too high a value for practice. It is possible 
0 increase somewhat above 160,000 p.s.i. if desired, 
vith consequent steel ecdnomy. This is left as an 
xercise for the reader. 


“Od | 


Strains for 
Example |. 


‘ Fig. 6 
Example 3. Effect on design of slow tensioning. 

In the case of post-tensioned beams by the Magnel 
system for instance, the tensioning operation is not 
sudden, but takes several hours. For such a case, the 
5T curve is clearly not correct on tensioning, an inter- 
mediate curve having strains equal to half the LT values 
Deing about right. The effect of using this curve for 
tensioning the beam of Example 2 is examined herewith. 
(NB Strains are 4 times those of the ST curve.) 


At failure. Conditions are as Example 2, and those 
figures apply. 
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At transfer. Strain at steel level now = .00056. 

Hence total change = .00150 +4- .00056 = .00206. 
therefore Steel pre-tension strain = .00685 —.00206 
= .00479 corresponding to 130,000 p.s.i. or a load 
of 100,000 lb. 

100000 

Hence h = = 15 in., and depth below 
6700 
steel = 5.09 in. : 

therefore Total depth of beam = 17.89 in. as against 
18.15 in., and Prestress in steel = 130,000 p.s.1. as 
against 138,000 p.s.i., not a very great difference. 


N.B. A similar calculation applied to Example 1 
would show an economy in depth to 14.94 in. instead 
of 15.35 in., and a reduction of steel prestress from 
154,500 p.s.i. to 142,500 p.s.l.—a rather larger 
economy but not a very serious matter. 


’ 


Example 4. Effect of a lower concrete ‘‘ modulus’ 
throughout the design. 

The trend will clearly be towards economy as in 
Example 3. For instance if the ST strains were twice 
as large in Example 2, the total steel strain change 
becomes .00328, giving a tensioning strain of .00357, a 
stress of 101,000 p.s.i. and a load of 78,000 lb. The 
required value of “‘h”’ is then 11.6 in. with depth below 
steel 3.93 in., and total depth 16.73 in., i.e., beam is 
16.73 in. deep and steel prestress is IOI,000 Pp.S.1., 
compared with 18.15 in. deep and steel prestress of 
138,000 p.s.i1.—a saving of nearly 8 per cent. of concrete. 


Example 5. Modification for pre-tensioned work and 
concrete shrinkage. 

In pre-tensioned work, during the stage before 
transfer, the concrete, bonded to the steel, endeavours 
to shrink on maturing. This it cannot do because of 
its bond to the steel, and it is therefore strained in 
tension immediately before transfer. Since moreover 
transfer is normally at an early age, this shrinkage is 
not completed at that stage, and further shrinkage 
takes place between transfer and failure. Typical 
figures for these two “strains’’ are .0003 and .0002 
respectively. 

Using these values, Example 2 would require modifica- 
tion as follows :— 

Steel strain change between transfer and ultimate 
must be decreased by .0002 to .00144, requiring a 
strain in steel after transfer of .00541. As a result the 
stress in steel becomes 142,000 p.s.i. instead of 138,000 
p-s.1., and we find “h’” must now be 16.3 in., and 
Di rssshine 

Initial tension required must also take into account 
the earlier shrinkage of .0003, and hence the strain 
must be .00571, giving a stress before transfer of 
146,000 Pp.s.1. 


Example 6. Allowance for tensile stress in concrete. 

In the author’s opinion it is a debatable point whether 
concrete in practice can ever be relied on to take tensile 
stresses when subjected to the normal hazards of every- 
day use. As will be seen below, the effect of allowing 
for them in design is likely to be small, whilst the calcu- 
lations are made somewhat more difficult, although not 
unduly so, were reliability and economy ensured. 

The changes required are (a) that the concrete stress 
strain curve should be continued into the tensile zone, 
and (b) that tensile stresses are allowed for in the same 
way as compressive stresses. The effect is to reduce 
the total concrete compression, and to move the centre 
of compression further from the neutral axis, as com- 
pared with the case of compression only, with the same 
maximum stress and neutral axis. It is generally 
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agreed that failure or ultimate conditions should be 
worked out on the basis of a “‘ cracked” section, and 
it is therefore only at transfer that any amendment of 
the calculations arises. 

Assume that the tensile stress strain curve is similar 
to the ST compression curve, but with stresses and 
I 
strains both reduced to —, i.e., that failure occurs at 
10 
600 p.s.i., with a strain of .ooor, and consider the effect 

on Example 2. 

Assume for the moment that the concrete tensile zone 
falls entirely within the beam depth, and stops abruptly 
at a stress of 600 p.s.i. Then we have on the com- 
pression side, strains vary from .00021 to zero, and on 
the tension side up to .ooor where stressed. 

10 
Hence length of tensile zone = — X h = .475h. 
2 

Centre of tension will be at 5/8 of this from the 

Neutral Axis = .2975 h 
2 

and total tension = .475 X — x 600 xX 6 h = 
1140 h. 

Hence resultant compression = 6700 h — 1140 h = 
5560 h. 

And position of centre of compression for all concrete 
stresses will be distant from the NA; h (1140 x 
.2975 + .662 x 6,700)/5,360. = .86h. 

It appears at first sight as if the effect of this will be 
great. However, two facts emerge. Firstly concrete 
strain at steel level = .86 <= .0002I = .00018, which 
compares with‘ '.coor4 originally. The effect on the 
steel stress is to change it to 136,000 p.s.i. instead of the 
original 138,000 p.s.iima small matter. It will further- 
more be found that an attempt to line up the steel and 
the centre of compression with a total depth above 
steel of .475 h + .86 h = 1.335 h, and h this time = 
104,000 
Hence concrete 


== 18,7 in. is*not possible: 
5,560 

tension must be much less than 600 p.s.i. As a rough 
guide, assume the NA stays at 2.35 in. from the top 


as at tensioning example 2. Concrete tensile strain is 


.0002I = .0000313, corresponding to a 
15.8 

stress of about 315 p.s.i. and a total load of about 
2,220 lb., which has but a small effect on the original 
total compression of 106,000 lb. As actually the NA 
will move upwards, the effect is clearly even smaller, 
its precise value needing to be found by trial and error, 
assuming a NA position as a starting point as in the 
manner of Examples 7 and 8 below. It is simpler and 
safer to rely only on the method of Example 2, and to 
ignore tensile stresses in concrete. 


Examples 7, 8 and 9. Composite Construction. 

In this type of work, prestressed beams may be 
embodied in cast in situ floors, thus forming T beams in 
which steel, some of the slab, and all of the rib are 
stressed in some manner either at no load where beams 
are propped, or at a low loading where they are not 
propped, whilst at the same time the main slab, owing to 
shrinkage on hardening, develops tensile stresses, or 
rather tensile strains, as we shall again ignore stresses 
of this type. Furthermore, the slab concrete is often of 
lower strength than the original beam concrete, and 
has different stress strain characteristics. The following 
three examples deal with cases where the beam is, and is 
not propped, and also where the original beam does, and 
does not develop stress at ultimate load. The cast in 
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situ concrete is assumed to have characteristics obtair 
able from the curves of Fig. 3, by taking 2/3 of th 
stress value at any given strain, i.e., its short-term curv 
shows a strain of .oor at 4,000 p.s.i. The beam to b 
used is that obtained in Example 2, whilst the shrinkag 
figure again totals .0005. — 

The composite beam will be taken as Fig. 7, B havin 
a value of 36 in. in Exomplss 7 and 8, and 12 in. & 
Example 9. 

In Example 7 the beam is assumed propped secured 
until the slab concrete has matured, whilst in Examples 
and g it has to carry a moment of 250,000 Ib. in. durin 
maturing of the new concrete. It is necessary to fin 
the state of the beam before placing the new concret 
which will not be as at transfer in any case, since 1 
Example 7 considerable creep will have taken plac 


+B —_— 
Tes 


na 


Beam 


Composite 
Fig. 7 


whilst in 8 and g it is loaded. The method of doin 
this by trial and error is shown. In general it is suf 
cient to form a rough estimate of a neutral axis positic 
in the beam, and to work out values of compressic 
and tension. If these do not balance, they are use 
as a guide to a new NA position, which is nearer tl 
truth. In general a plot of T and C against NA positic 
then gives the correct values for all these points by tl 
intersection of the T and C curves, usually assume 
straight. 


Example 7. Propped case with slab 36 in. wide. 
Initial state of PSC beam. : 

Having presumably been stressed for some tin 
before being embodied in the floor, the concrete will ha 
“crept ’’ and stresses in steel and concrete will hav 
decreased, whilst strains in concrete will have increase 
the LT curve being now the correct one. 

It will be seen from Example 2 that the steel stra 
at zero local concrete strain = .0052I + .000I4 : 
.00535. This will of course continue to be the cas 
As a trial assume the maximum concrete strain hi 
reached about 7/8 of the LT value at the original stres 
say .0O15, corresponding to a stress of 2,000 p.s.i. As tl 
concrete stress is low, we can for practical purpos 
assume a straight line diagram at this stage, so th: 
we have h’= 3 .%§.35 = 16,05 m3, andytetalacer 

6 


pression =4 2,000°3<8— .<. 16,05) == 
2 

Concrete strain at steel level = 2/3 & .00I15 = .00: 

therefore Steel strain = .00435 ; stress = 122,000 p.s 

and load = 93,500 lb. 

Clearly the strain in concrete is lower. 

Trying .00146 we get maximum concrete stress - 

1,950 p.s.i. and total load = g4,vvu 1p. Steel strain : 


96,300 Ib. 
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00438 this time, giving a stress of 122,500 p.s.i. and a 
oad of 94,000 lb. Hence initial beam conditions are : no 
noment, top strain 


ek 


= xX .00146 = —.ooo019, bottom strain = 
16.05 
.00146, steel level strain = .00097 and steel 
strain = .00438. At the same time slab strain, 
everywhere = —.0005. 


Possibilities of failure are: (1) Top of slab reaches 
4,000 p.s.i.; (2) Top of original beam reaches 
6,000 p.s.i., and (3) Steel reaches 212,000 p.s.i. 
In‘ general a very wide slab will fail by (3), a 
moderately wide one by (1), and a narrow one 
by (2), but all should be kept in view. 


_ Assume in this case that failure will be by (r) or (3). 
The latter involves a total tension of .768 x 212,000 Ib. = 
163,000 lb. 
Hence try NA depth in slab so as to develop this 
n 
amount, i.e., make 36 x — (o + 4.3000 + 4000) = 
6 


2 & 
86. — > 4000 n = 163000, i.e., assume depth = 
S) 
2 
f103000)5 = (— x 36 X 4000) = I:7 in. 


3 
We then have, working now on the ST curves :— 
Strain at slab top = .oo1 Strain change from 
initial = .0o15 
Strain at slab NA= _ 0 Strain change from 
initial = .0005 
Hence depth of plane of no change in strain 
15 
= Pee je == 2.55 iil. 
15-5 
.. Strain change at top of PSC beam 
3-2-55 


xX .0015 = .000265 tensile. 


2.55 
.. Strain in beam top = (.000265 + .ooo19Q) tensile 
18.6 
, Strain change at beam bottom = ——— xX .001I5 = 
2.55  — 0.0109 
.. Strain at beam bottom = .00146 —.o10g—again 
tensile. 
Hence original beam concrete can be neglected. 


13.25 


Strain change at steel level = x) 20015 <= 


2.55 


.0078 tensile. - 


.. Steel strain = .0078 + .00438 = .01218. 
giving a stress of 189,000 p.s.1. and a load of 145,000 lb. 
compared to compression of 163,000 lb. 

Hence NA in slab must be higher. 


Try 1.5 in. from slab top. 
2 
Total compression = 36 xX I.5 X - X 4000 = 
3 144,000 lb. 
Concrete strain change at slab top is again = +.0015. 
Concrete strain change at 1.5 in. down (NA position) 
is .0005. 
Hence depth of plane of no strain change = 2.25 in. 


Strain change in beam top = —— x .00I5 = 
2.25 .0005 tensile. 
.. Strain in beam top = —.00069, i.e., tensile. 


Strain in beam bottom is also again tensile. 
.. Beam ignored. 
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13-55 


Strain change at steel level = a PO0TS. c= 
2.25 

.00903 tensile. 

.. Total steel strain = .00438 + .00903 = .0134I1 

tensile, corresponding to a stress of 192,000 p.s.i. 

and a load of 147,000 Ib. 

Plotting as straight lines the values of compression 

and tension against NA position gives an intersection 
at 146,600 Ib. and 1.53 in. 


3 
Hence ultimate moment = 146600 (15.8 — -— x 


¥.53)) = 240600, 15.23 =: 2,245,000 Ib; int, 
and failure is clearly by mode (1). 


Example 8. As Example 7 but with beam not propped, 
and subjected to a moment of 250,000 Ib. in. 

The PSC beam will be under this moment for several 
hours before the new concrete has set and hardened 
considerably, hence we can assume the intermediate 
curve used in Example 3 to get the beam condition 
corresponding to the shrinkage strain of .0005 in the 
slab, 

As a first estimate, assume steel stress in the beam 
at this stage = 150,000 p.s.i., corresponding to a total 
load of 115,000 Ib. 

To develop a moment of 250,000 Ib. in., the lever arm 
must be 2.18 in., giving the centre of compression 
7.53 in. from the beam bottom. 

Clearly the concrete stress will be fairly low, and 
moderately uniform so that a straight line distribution 
may be assumed with considerable accuracy. If we 
let stresses in concrete at beam top and bottom be ‘a’ 
and ‘b’ respectively, we thus have, 


a+b 
Total compression = SEO GT ORE: A TB ES 
2 
= 115000 Dat Aa ey STO 
2a + b 7.53 a 1.48 
And’ r = = Pa cS 
3a + 3b 18.15 b 4.57 
Trial values of a and b are thus 515 and I5QI p.s.1. 
I 
Stress at steel level is then (5.35 X 515 
18.15 


4- 12.8 * 1595) = 1280 p.s.1. 

..Concrete strain at steel level (intermediate curve) = 

.0005. 

But steel strain at no concrete strain = .00535 (as 
in Example 7). 

.. Total steel strain = .00485, corresponding to stress 
of 132,000 p.s.i., which is lower than the initially assumed 
150,000 P.S.1. 

Hence the lever arm must be increased, and total 
compression and tension decreased. 

Assume steel stress = 133,000 p.s.i., giving total load 
102,000 lb. 

Lever arm is then 2.45 in., i.e., 7.8 in. up from the 


bottom. 
2a +b eo a 1.75 
Hence ————. = giving = —- = —— 
3(a + b) 18.15 b 4.30 


and a + b = (102000)/(3 x 18.15) = 1880 .*.a = 540 
and b = 1,340 p.s.i. 
Concrete stress at steel level = (5.35 x 540 + 12.8 x 
1340)/18.15 = 1,100 p.s.i. 

., Concrete strain = .0004, steel strain = .00495, 
steel stress = 133,000 p.s.i. which is as assumed. 
Hence position when slab concrete has hardened is :— 

Beam concrete strain at top = .00020 — 
(stress 540 on intermediate curve) 
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Beam concrete strain at bottom = .00052 — 
(stress 1340 on intermediate curve) 
Steel strain = .00495, and strain in slab = —.0005 


throughout. 
N.B. In actual fact this state of affairs would induce 
a larger BM in the beam, but as this has no effect on the 
calculations for ultimate load, there is no point in dealing 
with it here. 


At failure. Concrete strain change in slab top = 
0015 as Example 7. Assuming slab NA at 1.6 in. 
down, strain change there = .0005, 
Hence plane of no change is 2.4 in. down. 
6 
Strain change at beam top = —— X .00I5 = 
2.4 
.000375 tensile. 
... Total strain there is .0002 — .000375 = .000175 
tensile. Similarly bottom strain is also tensile, there- 
fore beam concrete can be neglected. 


13.4 
Strain change at steel level = —— X..0015 
2.4 = (00844; 
.. Steel strain = .00844 + .00495 = .01339. 
“. Stress = 192,000 p.s.i. and load = 147,000 Ib. 


2 
Concrete compression = 1.6 x 36 * — x 4000 


Hence NA assumed too low. 


3 
== 154,000 lb. 


Try at 1.5 tn. down, 

Referring to Example 7 it will be seen that steel 
strain change = .00903 for this case. Hence total 
strain = .01398, stress = 193,000 p.s.i., and load = 
148,000 lb., whilst concrete compression = 144,000 Ib. 
as in Example 7. 

Plotting these two trial cases gives the correct solution 
as NA at 1.5375 in. down with load of 147,600 lb. 

.. Ultimate moment = 147,600 (15.8— % x 1.5375) 

= 147,600 (15.225) 

=2,250,000 Ib, in. 
virtually the same value as with the propped beam in 
Example 7. Thisisdue to the fact that large strain changes 
in steel at the high stresses involved cause little change 
in the stresses, so that the effect of propping is com- 
pletely masked, by the time ultimate load is reached, 
This would usually be the case with wide slabs. 


Example 9. The case of a lower slab neutral axis, owing to 
the use of a smaller slab width. 

For this example, B will be taken as 12 in., and the 
unpropped case will be considered, carrying the same 
moment of 250,000 lb. in. during construction of the slab. 

As a trial assume the slab NA is 4.0 in. down. 

Then, as in Examples 7 and 8, we shall find the plane 
of no strain change is at 6 in. down, whilst the top 
strains .OOI5. 

Hence at beam top, strain change = .00075 (com- 


pressive) 
at beam bottom strain change 
15.15 
= — X .0015 = .00379 tensile 
6 
and at steel level strain change 
9.8 


= —— X .0015 = .00245 tensile 


.. Strain in beam at top .00075 + .0002 = 


.00095 

9 a bottom .00052 — .00379 = 
—.00327 

Pr sf steel = .00495 + .00245 = 
.00740 
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Hence steel maximum stress is 165,500 p.s.i., an 
maximum load 128,000 lb., whilst the beam has 
maximum stress of practically 6,000 p.s.i. (ST), and has 


neutral axis of its own at a depth of ——————- x 
Dil: 95 Ae B27, 
13.15 i, ==" 4,00 intin ther beam, 
2 
Total compression = 12 KX 4 X = X 4000 4 
3 
6 
4.08 X 


~ (6000 + 4.4300) 
6 


I 
— 6 x — (1800 + 4.900) lb., § 

6 : 
(i.e., complete slab 12 x 4, + beam 6 x 4.08 —6 x I 
common to both, and stressed at 1,800 p.s.i. at its top 
and goo p.s.i. at its mid depth) 

= 128,000 + 95,000 — 5400 == 217,600 Ib. 
which is far too high. 


N.B. It should be noted that this case is approaching 
the case of failure by beam concrete before slab concrete, 
i.e., method (2). 


Taking the slab at N.A. 3 in. down we get 
Plane of no strain change is at 44 in. down, whilst 
strain change at slab top = .0015 as above 
Hence total strain in beam top = .0002 -+- .0005 = 
.0007 
(corresponding to ST stress of 5,450 p.s.i.) 
and total strain in beam bottom 


16.65 
== ,00052.-—'>—— XK 700i 
4-5 
= .00052 — .00555 
= — ,00503 
Hence beam has its own NA at a depth of 
70 
— xX 18.15 in. = 2.21 in. 
Dis 
2 
Total compression = 12 K 3 KX — K 4000 4+ 
3 
6 
2.21 X — (5450 + 4.3450) = 96,000 + 42,500 = 
6 138,500 lb. 
75 : 
Strain change in steel = —— X .00I15 = .00377 
4.5 


., Steel strain = .00495 + .00377 = .00872 
corresponding to a stress of 175,000 p.s.i. and load of 
134,000 lb. 
Plotting will give the correct values as 
slab NA depth = 2.95 in. Beam NA depth 2.12 in. 
and beam load (compressive) = 40,000 Ib. 
whilst total load = 134,500 lb. 
Hence very nearly, maximum moment 
= 94500 (15.5 — %. 2.95) + 40000 (12.8 —.35 x 2.12) 
= 94500 X 14.69 + 40000 X 12.06 
= 1,390,000 +- 482,000 = 1,872,000 Ib. in. 


Example to. Effect of tensiommng errors 

In a practical case, steel tension is measured as a rule 
by noting the pressure recorded on the dial of a hydraulic 
jack, with a check provided by recording the extension 
of the steel, relative to the concrete. A little thought 
will show that errors of the order of 5 per cent. or more 
can easily arise, and some idea of their effect on the 
final construction is useful. In order to save a certain 
amount of new calculation, we may consider the case of 
Example 1, were the steel only tensioned to such a stage 
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s would make the concrete maximum stress 2,200 p.s.i. 
s in Example 2 instead of the intended 3,750 p.s.i. 
5-35 
For Example 2 stresses, r = .662, hence h = —— = 
338 
5.75 1n., and so the total load is 106,000 lb., and steel 
ension 88,300 p.s.1. on 1.2 sq. in., with strain of .00305 
nstead of 154,000 p.s.i. and .00634 as intended. Con- 
rete strain at steel level will still be .ooor4 as in 
ixample 2. 

The actual beam state at ultimate load must usually 
ye found by trial, but certain direct calculations will 
ipply if steel remains within its linear range. As this 
will nearly be the case, here, it will be used as a first 
attempt at a solution. 

At ultimate load, concrete compression = 24000 n 
(as Examples I and 2), and maximum strain = 
.0OI (ST). Steel is ro in. down. 

Hence change in strain at steel level between 
10—n) 
transfer and failure = .ooo14 + og SOO 
n 
With steel in its linear range .00035 strain = 10,000 
p-s.i. stress, or 12,090 Ib. load. 
12000 é .OI 
(.coor4 + — —.oo1) 
.00035 n  -+ 106000 
leading to n? —3.19 n — 14.29 = Oorn = 5.7 in. 
For this value compression = 24000 5.7 = 136,800 lb. 
4.3 
whilst steel strain = .00305 + .ooo14 + -—— x 
3-7 
.0OI = .00394 corresponding to a stress of 112,000 p.s.i. 
(just outside the linear range) and a consequently low 
load of 134,400 lb. 

A close estimate of the correct values would be NA 
depth 5.6 in. and total load 134,800 lb , giving a moment 
of 134,800 (10 — 3/8 x 5.6) = 134,800 x 7.9 = 

1,060,000 Ib. in. 

compared with the intended 1,344,000 lb. in. of 
Example I, i.e., a reduction in prestresses in steel and 
concrete of nearly 45 per cent. have affected the final 
moment by less than 20 per cent. The effect of any 
normal errors will thus be of no practical significance. 
_ Broken wires would be dealt with similarly, but the 
steel would be working in a higher stress range at 
failure and the cases are not exactly parallel. It is 
clear, however, that a small loss in area from this cause 
would be in part compensated for by the higher stresses 
so that the percentage moment change would not be as 
great as the percentage loss in area of steel. 


Hence 24000 n = 


Example 11. Beams not rectangular in section. 


obvious method is to do this, and add together the 
various portions of compression, and moment, derived 
from the separate parts, in a manner similar to that 
used in Examples 7, 8 and 9.* 

If such division is not possible, the best thing is to 
plot the total stress at any level, i.e., stress width, 
and to use the resulting curve for calculations, using an 
approximate method of calculation appropriate to the 
case. It will be realised that the picture will vary as the 
position of the Neutral Axis varies, and the process may be 
tedious in some cases, although not intrinsically difficult. 


Example 12. Non-bonded beams. 
On tensioning beams of uniform section, the moment 
is everywhere sensibly constant (except for the self 


_* Foy an actual example see ‘‘ Design of Presivessed Concrete Beams 
from Fundamental Principles’’—]. W. H. King—Concrete and 
Constructional Engineering 45, Sep. 1950 p. 312. 


Where such beams can be divided into rectangles, the 


1g 


weight moment of very long and heavy beams). Conse- 
quently steel strain and concrete strain at steel level are 
constant throughout the beam length. This has been 
assumed in all the post-tensioned examples worked out 
above. Subsequent bonding has then ensured that the 
same condition of equal variation of steel and concrete 
strain at any section persists when the moment is not 
uniform at the later stages. 

If non-bonded beams, are subjected to a varying 
moment along their length, or are not uniform in cross 
section, or have a varying steel position in the cross 
section, the controlling conditions for cases of pure 
bending are :— 

(x) Total tension in steel is constant throughout the 
beam length, and equal to total compression. 

(2) Total tension or compression x lever arm = 
external moment, at all points. 

Hence the compression diagram changes shape, but 
not area, at different parts of the beam, and concrete 
strain at steel level varies from point to point whilst 
steel strain is constant at all points. Change in steel 
strain between any two stages of loading is thus equal to 
change in mean concrete strain at steel level, and this 
has to be found. It is not, as might be thought at 
first, the concrete strain at the section of mean moment. 
It must be remembered also that the total compression 
can vary between stages of loading, although it cannot 
vary along the beam. Hence a particular moment 
may be arrived at in any case by a high compression 
and a small lever arm, or vice versa, and only a very 
tedious trial and error process will provide a solution in 
the general case. 

In order to indicate the general lines on which it 
must proceed, Fig. 8 indicates possible stress distribu- 
tions across a section 12 x 6 with steel 2 in. from the 
bottom, tensioned to a total load of 72,000 lb., together 
with the strains at top, bottom and steel level, and the 
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Stress Diagram { 4. é 4 & SG 7 
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Possible stress diagrams for a total compression 

of 72,000 lb. on a 12’ x 6’ beam, with resulting 

moments and strains at steel level. (Steel 2’ from 
nearest face) 


Fig. 8 


resulting moment. Fig. 9 shows the plot of strains 
against moment. Given a particular moment diagram, 
it is thus possible to find the strain in concrete at steel 
level at all points of the beam and so the average value 
for this one total tension of 72,000 lb. A series of such 
curves is required in practice to cover a range of tensions. 
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Subsequent correlation must ensure that the mean 
strain changes in concrete correspond to the tension 
changes in steel between stages, and it is clearly a very 
long process in the general case. Some simplification 
does arise where the beam is uniform, and one stage is 
that of transfer, as conditions are constant along the 
beam, and may be dealt with as heretofore at that stage. 
Also, for the most efficient ultimate design, clearly the 
concrete should be on the point of failure both at the 


steal 


at 


strain 


Concrete 


+ 


Fig. 9 


ends where the moment is zero, and at the point of 
maximum moment. This leads at once to the necessity 
for the lever arm to be (2d — D), since the compression 
diagrams must be similar but inverted. These facts 
will help simplify the work, but it is nevertheless long, 
and since in general, the resulting beam will develop 
a single large crack if overloaded, and may fail suddenly, 
such designs are not normally advised. It is hoped 
that the above information will be of service ‘if such 
designs must be contemplated. 


Example 13. Hysteresis. 

The extent to which account need be taken of Rie 
esis is problematical. It is well known that steel 
stressed beyond its elastic limit, and concrete stressed 
at all for any length of time will become plastically 
strained and will not recover their original state on 
removal of the load. 

With the examples given, the concrete placed in 
compression at transfer is mainly either in tension and 
therefore ignored, or more compressed at ultimate load, 
so that hysteresis effects would be small. In the case 
of post-tensioned beams, the steel is always higher 
stressed at failure than at transfer, so that again hys- 
teresis does not arise. 

With pre-tensioned beams, however, the _ initial 
tension may be higher than say the tension present 
when embodying in a composite beam. The method 
to be used is as follows. From the point of maximum 
stress, draw a straight line parallel to the initial portion 
of the stress strain curve, and use this for all cases of 
lower stress subsequently. For example, suppose the 
prestress to be 170,000 p.s.i. For subsequent lower 
stresses the curve to be followed would be one joining 
this point on Fig. 4 to .002 strain at zero stress. Thus 
the strain at a subsequent stress of 85,000 p.s.i. would 
be .005, not .003 as on the original curve. Changes 
of this nature are all that is required, the original curve 
serving for all stresses above the original maximum.* 


* Strictly hysteresis should have been allowed for in Examples 7, 
8 and 9, as the steel stress during bonding to the new concrete was 
in each case below 138,000 p.s.it. The effect is small, 
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Example 14. Deflection, etc., depending on EI. 

Such properties of a beam as its deflection under < 
given load system, and its stiffness and carry-over facto1 
in moment distribution calculations depend on E I, and 
M, the last two being found from the application of a 
particular bending moment diagram which gives unit 
rotation at one end when the other is fixed. The 
uncertainties about the values of both E and I are 
overcome if the methods used above have been employed 
since we have a readily available method of finding the 
strain change at the beam top and bottom for any 
given moment change. This gives at once the value oi 


M x 
—(- — which can then be used in the normal 
reat R 

way. As an example we have already obtained sundry 
data for the beam of Example 2, as follows :— 


At zero moment, immediately after transfer 


Bottom strain = .00021 Neutral axis ht = 15.8 in. 
I . 00021 
‘,_— = ——W— (convex upwards) = .0000132 
R, 15.8 
At 250,000 lb. in. moment —(medium term case in 
Example 8) 
Top strain = .00020 Bottom strain = .00052 
Depth = 18.15 in. 
16 00032 
—= (convex upwards) = .0000176 
Rae ese 25 
M 
Hence change of value at point of maximum BM 
EI 
I I 
between transfer and part loaded stage = — — — 
Rees 


= .0000044 (hogging) 
(N.B. Here the effect of creep is greater than the 


effect of loading, and the beam bends upwards.) 
Similarly, at ultimate load in Example 2, the concrete 


strain at the top = .oor and the neutral axis dept 
is at 5.12 in. down. 
i .OOI 
Hence — = (concave upwards) = .0001955 
RK; 5.12 
i I 
Hence — —— = 0002087 (sagging). 
R, R, 


It is of course necessary to find these values for ¢ 
sufficient number of points along the beam to enable « 


I I 
diagram of —- — — to be plotted. It can then be 
Rg. ened 
M 
used in the same way as the normal diagram ir 
ef 


order to find slopes, deflections, stiffness, etc. 


Conclusion 


It is hoped that the foregoing will prove useful ir 
leading to clearer thought on not only prestressec 
concrete work, but also normal concrete work where 
subjected to high stresses and consequent plastic flow 
since the cases are identical. The uncertainty whict 
is present at the moment about the actual stress strair 
characteristics of a particular concrete has been showr 
to have some measurable effect on design, and a methoc 
of obtaining this information quickly and accurately 
is very desirable. In the meantime, assessment on the 


“ stiff’ side will give safe design and should be used 
whilst assessment on the “ plastic ’’ side will give large 
deflections. 
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The AUTHOR introduced his paper by saying that 
his view economies in material ought not to be 
hieved by a disproportionate expenditure of human 
ergy or loss of amenities, and he hoped that if the 
uper had been studied in this light there would be 
und much of interest which was not necessarily 
mfined to a period of steel shortage. 
He asked that he might be allowed to make his own 
mtribution to the detail of the subject by referring at 
yme length to that Cinderella of steel frame construc- 
on—the semi-rigid method of design and this theme 
as developed at some length with the aid of the slides 
f Figs. r to 11, which are reproduced here with the 
ommentary. 


The PRESIDENT proposed from the chair a hearty 
ote of thanks to the author and ‘declared the meeting 
pen for discussion. 


Mr. JoHN Mason (Hon. Secretary) wanted first to 
dd his congratulations to those already expressed by 
he President to the author for the paper they had just 
veard. After seeing the slides and hearing the theoreti- 
al exposition illustrated by those slides he felt that 
he paper did less than justice to the work the author 
nust have put into this subject. He personally hoped 
hat they would have a written article on the theoretical 
yasis behind the method of design which they had had 
*xpounded to them and which gave rise to the design 
‘ules shown in Table 2 on page 512 of the Journal. As 
the author had presented it, it had been easy enough 
0 follow, but it was a little hard on the audience to be 
sxpected to absorb such theoretical developments at 
short notice or to be able to form a critical assessment 
of them. 


Steel economy was a subject with which he had had 
a great deal to do recently. Two economies had been 
mentioned by the author. One might be described as 
piecemeal economy or economy applied to the individual 
member and was achieved by paring that member 
down, and the other was economy of method. The 
author, however, had not mentioned a third economy, 
which he himself designated as economy of disposition. 
It could be illustrated in this way. Architects explained 


internal spans and two rather longer end spans that the 
traditional architectural method is to have a uniform 
spacing of the inner bays and for the whole mass to be 
supported by rather bigger bays at the ends. When 
pointed out that this is not the most economical dis- 
position for continuous beams because the end spans 
require a moment of resistance of WL/1o0, which becomes 
‘the critical section for design, whilst the internal spans 
only require a moment of resistance of WL/12, whereas 
if the external spans were smaller their WL/10 moment 
would be no greater than WL/r12 of the internal spans, 
the architect replies that if only he had known in time he 
could have designed in the modern manner so as to fit in 
with the structural desideratum. By linking up the 
constructional requirements with the architectural 
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when they brought in a scheme which had a number of _ 
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treatment there was, he suggested, a true economy 
obtained by proper disposition. He thought it was 
becoming recognised that more early co-operation 
between the architect and the engineer would give 
bigger dividends by way of economy. 

It was sometimes said to be an economy to increase 
the stress from 8 tons to 10 tons, but he thought that 
such a proposition should be looked at very carefully. 
He doubted himself whether it could be called true 
economy. 

Economy was a word of Greek origin which means 
“good housekeeping.”’ If one’s wife had been in the 
habit of cooking three sausages for breakfast and one 
morning she produced only two that was called economy, 
Mr. Mason observed, amid laughter, but was it true 
economy ? What had happened was that one simply 
got a poorer breakfast. 

The author had devoted much of his introduction 
to the semi-rigid design and it was a method of design 
on which he had spent a great deal of time some 
years ago when Steel Code 113 was under consideration. 
He wanted to draw attention to Table 2 because he 
thought it was important. Table 2 was largely arbi- 
trary. An arbitrary reduction or relief moment in the 
bending moment of the beam was allowed. He had 
no quarrel with that in general but he would like to 
ask the author why in the column restraint moment Z 
was taken and not the same figure as that allowed for 
the relief moment. For example, suppose it so happened 
that for some reason a rather heavier beam than the 
minimum necessary to carry the load at full stress was 
employed, then only M/1o was allowed for the relief 
moment on the beam whereas Z, which was greater than 
the relief moment, was to be taken on the column. 
He would like to know whether he was correctly inter- 
preting the table. Again, did one take both the re- 
straint moments Z and balance one against the other 
or were they taken separately, on one hand at the upper 
end of the beam and on the other hand at the lower 
end, because, if so, it would give rise to single curvature 
in the column which led to a very heavy column design. 

He had to say that he was very attracted by this idea 
of taking an arbitrary beam relief moment and applying 
an equivalent moment to the column, and in fact it 
passed through his mind at the time the Code was being 
prepared. He was not sure that it was not a good 
rough rule, but unfortunately it was not suitable for 
applying in a Code that could be put into practice. 
The rules put forward in the paper purported to be 
more precise and whilst he thought the idea in general 
was an excellent one, he did not think it was sufficiently 
complete. There was one other point. He did agree 
with the author that the composite construction of 
combined steel and concrete had been neglected. He 
thought perhaps one of the reasons was that at one time 
the steel people were told their job was steel, and he 
imagined the reinforced concrete people had been told 
their job was reinforced concrete, and perhaps that was 
why composite construction got left out in the cold. 


Mr. Donovan LEE (Member) said he felt all present 
agreed Mr. Creasy’s paper had been excellent and he 
would like to add his personal thanks to those tendered 
on their behalf by the President. 
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Now that the world had an adequate steel output and 
shortages in this country were mainly confined to 
material little used by structural engineers, he assumed 
Mr. Creasy did not suggest more expensive or less 
satisfactory alternatives should still be used merely to 
save steel. 

After all, the use of steel, per capita of population, 
closely followed the degree of industrial development 
and the standard of living. For example, in the U.S.A. 
the steel consumption was about 4/7 ton per annum, in 
Great Britain about 1/3, and in India (allowing for 
imports), say 1/50 ton. 

With a steel production now over double the average 
of the ten years before the war he hoped steel economy 
was to be understood as the most efficient use of steel 
and labour, taken together, the measure of this being 
cost and quality and not a question of the weight of 
steel. 

With regard to the approximate method of design 
proposed, he felt members had not had enough time to 
study it, but it seemed likely to be a most valuable 
contribution. It was needed because the method of 
the Final Report of the Steel Structures Research 
Committee was much too tedious and even unworkable 
in really large structures. Also the roughly approxi- 
mate method of taking the beam moment as WL/9 
instead of WL/8 and treating the difference as the 
eccentricity on the stanchions, was much too erratic in 
accuracy to be used except within narrow limits. 

It was to be noted the American Institute of Steel 
Construction had recently also proposed an approximate 
method. 


He himself had found that with the usual semi-rigid 
connections the eccentricity on stanchions could not be 
related in any simple terms of the beam span, beam 
depth, stanchion stiffness, etc., but was surprisingly 
easily forecast within narrow limits by a graphical 
method and the eccentricity only varied within a fairly 
narrow range for all ordinary beams and stanchions. 


As regards cold-formed steel it seemed there might be 
great scope for quantity production using the latest 
methods of ridge and multi-spot welding and corrosion 
protection but little had been done in this direction yet. 
It must not be overlooked, however, that cold-formed 
and pressed sections were generally inferior, not superior, 
to hot rolled sections owing to the inability to avoid 
webs and flanges of the same thickness. 


For this, and other reasons, such as cost of the material 
the scope for cold-formed structures was generally for 
light frameworks, where timber would normally have 
been used, and not in competition with frameworks of 
hot-rolled steel sections. 


The Boyd beam, he thought, involved too much 
cutting and welding, so although it was very useful in 
making deep sections for large spans, it seemed other- 
wise too much trouble to save some steel in the web. 


He was quite impartial between steel, reinforced 
concrete and prestressed concrete, and he felt that cost, 
time and quality should be the sole basis of choice 
between them. The paper that evening had reminded 
all present of the wide scope for different types of 
construction. 


Mr. G. M. Boyp (Associate Member) wanted to 
correct a few points raised by Mr. Lee. The Boyd 
Beam was not introduced first in America. As regards 
the economy angle, he thought the proof of the pudding 
was in the eating. A third was that the construction 
was covered by British patents, and fourthly, he was no 
longer financially interested in it. 
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The paper was extremely interesting and contained 
some weighty implications. Economy was one of the 
most vital and difficult subjects, and therefore he 
congratulated the author on his temerity in attacking 
it so efficiently. There was another means by which 
economy if not of steel, at least of time, could be achieved 
and that was by simplification of orders. He was a 
little out of touch with the commercial aspect at the 
moment and he was not sure whether steel manu- 
facturers made allowances to their customers for large 
quantities, but he believed they ought to. It would 
give some encouragement to simplifying orders if they 
did, and that applied not only to sections but to plates. 
where a multiplicity of thicknesses occurred. 

Apropos the reference to Professor Baker’s method,’ 
he felt that the author had fallen into the same erro1 
as he had and treated it as an indirect method of design 
In other words the author had stressed the distinctior 
between finding the load that a given structure woulc 
carry, and designing a structure to carry a given load 
He thought if the author would study Professor Baker’: 
paper again he would realise that actually Baker hac 
introduced a big simplification and had given us 
method by which we could design directly. (See 
discussion on Baker’s paper.) 

On the question of the fixing moment it had alway: 
been a puzzle to him why beams were so frequently 
framed into the stanchions so that any restraining 
moment which was put into the beams must be allowec 
for in designing the stanchions. In his experience o: 
this kind of design he had always endeavoured te 
obtain the fixing moment for one beam out of the 
adjacent beam in so far as it was possible, by carrying 
the beams either past or through the stanchions, anc 
thus avoiding the necessity for putting undue moment 
on the columns. The only justification he imaginec 
for putting such moments on to the columns would be 
if they were required for stability of building. 


He had one other very simple point to raise and tha 
was to draw attention to the missing line on page 508 
The author had made a very important observatior 
about the use of high tensile steel for sections, that i 
that one could not get the fullest advantage of then 
due to the fact that whereas in high tensile steel th 
yield and ultimate were increased the modulus o 
elasticity was not. It had occurred to him that ther 
might be a long-term advantage to be gained by design 
ing special deep sections to be rolled from high tensil 
steel, so that the stiffness would be increased in propor 
tion to the working stresses. 


Mr. GEOFFREY PALMER (Member) was glad to hav 
the opportunity of congratulating Mr. Creasy on a mos 
interesting and provocative paper. The part tha 
interested him most was the question of semi-rigic 
design, because he had recently been working on th 
design of a steel frame building in this way and he 
thought members would be interested to know how thi 
method appealed to the designer in practice. 

First of all he had one small criticism. The methox 
as shown in Table 2 on page 512 was to deduct from thx 
free bending moment in a beam a percentage (usually 
10 per cent.) and to apply to the stanchion a restrain 
moment which was stated to be numerically equal t 
the section modulus of the beam. He pointed out tha 
the restraint moment obtained in this way was not quit 
sufficient ; it should be at least equal to the relief momen 
applied to the beam and that meant that it should b 
at least Ir per cent. more than the beam modulus 
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is point was that Table 2 assumed that — and Z 
10 

sre the same ; but they were not. The beam modulus, 


M 

was only —of—. 
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However it did not make very much difference in fact, 
scause in practice the restraint moment on the stanch- 
n was determined by the strength of the connection, 
id as connections were not infinitely variable it was 
und that the restraint moment applied to the stanchion 
generally from 11 per cent. to 100 per cent. over the 
2am modulus (averaging about 50 per cent.) but, as 
2» had already pointed out, with a definite minimum of 
t per cent. where the full relief moment was taken for 
1e beam. 

As to beam design, the method did not appreciably 
mgthen the calculations because one put down an 
xpression for the free bending moment in ton feet in 
ye usual way, and instead of multiplying by 1.2 one 
wiltiplied by 1.2 x 0.9, equals 1.08, and this was all 
one in one operation on the slide rule. 

Stanchion calculations ‘however were a_ different 
uatter, and took a good deal more time because one 
requently had five separate stresses, namely, the direct 
tress, the eccentricity both ways, and the stress due to 
he restraint moments both ways. It followed that it 
vas much more difficult to select the right stanchion 
ection at the first shot. 

He reminded members that with beam calculations 
me could work out the modulus which nine times out 
ff ten decided the size of the beam, and then select a 
veam to suit, but with stanchion calculations the section 
iad to be selected first, before the stresses developed 
‘ould be calculated. 

It had been customary years ago, at least in his office, 
o deal with stanchion design in a much more simple 
vay by working out equivalent concentric loads based 
m web and flange factors, and then merely selecting a 
section from a table of loads and heights. This method 
vertainly took less than a quarter of the time that the 
more modern methods entailed, and he _ personally 
was not entirely satisfied that when used with discretion, 
the old method was appreciably less accurate in the 
inal result. 

There was also a point about eccentricity calculations 
for stanchions designed under the semi-rigid method. 
He was instructed that the method was to calculate the 
eccentricity stresses, and to add the stresses due to the 
restraint moments. But it seemed to him that if the 
restraint moments were properly applied it should not 
be necessary to take eccentricity stresses as well. The 
effect of applying a restraint moment to the stanchion 
was to put an imaginary hinge in the beam at some 
distance from the stanchion at the point where the base 
line of the bending moment diagram (raised Io per cent.) 
cut the free bending moment curve. The beam reaction 
was then applied through the imaginary hinge and it 
appeared that this covered the question of eccentricity. 

His own feeling and that of his partner and staff, 
about the semi-rigid method described by Mr. Creasy, 
was that it was ingenious and that there was a decided 
economy in the beams, which was offset to some extent 
by increased weight in the stanchions. He felt that the 
overall economy was scarcely worth the extra time 
involved. In other words, he felt that the method was 
alittle timid, and that to make semi-rigid design worth- 
while the method should be extended to something 
nearer the recommendations of the Steel Structures 
Research Committee of 1936. It would be necessary 
however to use more modern stresses and avoid some 
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of the complications involved in the Steel Structures 
Report. 

Finally, he entirely agreed with Mr. Creasy’s statement 
that “in order to permit the development in the drawing 
office of semi-rigid designs they must be based on the 
results obtained by ‘ simple’ methods manipulated in a 
straightforward and uncomplicated manner.” 


Mr. J. S. TERRINGTON -(Associate Member) wanted 
to join in the thanks to Mr. Creasy for his paper, which 
he felt sure had been read with considerable interest. 
It was important that engineers should continually 
clear their minds about what form of construction was 
really best in’ any given circumstances. Mr: Creasy 
had not only dealt with the subject of steel economy 
but he had also drawn attention to the various amenities 
which could be expected by the client, because after all 
the client and architect expect certain qualities from 
the finished building. He was not going to join in the 
heated discussion on end restraint in beams but perhaps 
he could refer to one or two other points. The author 
had rather suggested that the acceptable degree of 
serviceability in plastic design was only reached in the 
plastic range, whereas surely this degree of unservice- 
ability was really reached in the elastic stage and also 
that the stresses under service conditions were still 
within the elastic range even in plastic design. 


A further point was, Mr. Creasy seemed to suggest 
that deflection in a single-storey building was less im- 
portant than in a brick multistorey building, but where 
very heavy cranes are used trouble had been experienced 
due to deflection and distortion of the crane girders so 
that, in that type of single-storey building, deflection 
and distortion was really important. He noticed that 
he had referred to the term “ guaranteed yield.” He 
believed that the steel makers rather avoided the term 
guaranteed now, and referred to minimum yield stress, 
as yield is not guaranteed. He was sure they all agreed 
with Mr. Creasy in achieving the maximum economy in 


_ steel design by the use of high tensile steel in the welded 


frame and he would be grateful to learn of any good 
examples. 

Mr. Creasy had asked for a column formula ; surely, if 
a space frame was used one only needed to employ 
Clause 22 of B.S. 449, where one simply estimated direct 
without any relation to the length of the member, as in 
rigid arch construction. 

Referring to Sketch 8, Mr. Terrington asked how the 
concrete was put into the inverted channel in that 
position, and secondly, in that sketch he noticed that 
the 11 in. wall was on the inside supported at floor level 
(at ro ft. heights), and on the outside it ran right the 
way down to the ground, so that, as there was a different 
method of support, one might expect that there would 
be differential settlement in the wall. 


Mr. R. P. Mears (Member of Council) said that on 
page 505 were shown beams of 20 in. depth, apparently 
designed as simple spans and at the top, as shown on 
the detail, they are attached to the stanchions by a cleat 
having one rivet each side both to the beam top and to 
the stanchion. Then on page 509, with I5 in. beam, 
where he understood that the restraint moment was 
taken into the calculation, the cleat contained four rivets 
in shear in the beam and again only two pulling on their 
heads in the stanchion, and he believed that they were 
not rivets but only bolts, and, Mr. Mears added, amid 
laughter, considering how important it was that they 
should be very tight, he would like to know whether 
the Consulting Engineer himself was expected to go 
round and tighten up these bolts himself. On page 511, 
where the full rigid frame was dealt with, beams were 
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reduced from their original 20 in. depth to 12 in. Further, 
on page 521, they were told that in reinforced concrete 
design depth is always 50 per cent. greater than in steel 
design, but if one looked at the picture on page 517, the 
depth of this reinforced concrete beam was shown as 
1 ft. o} in., so it seemed to him to compare very favour- 
ably with complicated welded design. 

Then they were told that the deflection was expected 
to be up to 1/325th of a span, or in other words on the 
20 ft. span it would be in. It therefore seemed to him 
that it would be advisable to deflect the beam by 
artificial means in advance to perhaps half this amount 
so that the final deflection should not adversely affect 
architectural treatment in the form of plastering, and 
so on. 


Mr. S. M. REISsSER (Member) drew attention to a 
statement made by the author which had surprised him 
very considerably. In showing a slide of what had been 
described as a “‘ semi-space frame ’’ of welded construc- 
tion, it was stated that this type of construction had 
many advantages but was some 20 per cent. heavier—a 
contention which appeared to contradict practical 
experience. A number of such structures have been 
built in recent years both in this country and in Belgium, 
and all compared more than favourably with the weight 
of alternative designs. Perhaps he had misunderstood 
the author and would be glad if the matter could be 
cleared up. 


Mr. A. J. MITCHELL (Member) had two small points 
on which he wanted clarification. One he thought 
might be a misprint, on page 521, where comparison 
was made between the amount of steel used in ordinary 
structures, reinforced and prestressed structures. The 
ratio given was 16:8:1; he took it that possibly 
16:8:4 was intended, because the amount of steel 
saved by prestressing was approximately half under 
normal conditions. 


In Table 2 the Column Restraint Moment was given 
as Z. Now Z was purely a numerical value, while 
M 
— involved the stress variable. Perhaps this would be 
IO 
better shown as Z multiplied by something. 


He concluded by saying that he thought this problem 
had lost some of its urgency now that more steel was 
available, owing to the gratifying achievements of this 
industry in regard to output. 


Mr. GEOFFREY PALMER rose again to point out that a 
mistake had been made on page 515 where the propor- 
tion of depth to span was given. He said that the 
denominator should be 192 divided by the stress, that is, 
span 


for Io tons stress and other stresses proportionately. 
19.2 


Written Discussion 


Mr. C. V. BLUMFIELD (Member), expressing apprecia- 
tion of the paper, writes :—I would, however, like to 
query Mr. Creasy’s statement regarding the weight of 
steel in a barrel vault roof, which I do not agree approxi- 
mates to that required for a sheeted steel roof. In my 
experience it is generally appreciably lower and particu- 
larly so if the columns are added in both cases. The 
difference is more marked on the smaller spans and 
widths and in some examples it is only 50 per cent. of 
the weight of structural steel. I would also say that the 
weight of 63 lb. per sq. ft. for a barrel vault with a bay 
8o ft. x 40 ft., appears to me to be very heavy, and I 
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cannot feel that the barrel vault roof designed in thi 
case was done with due regard to steel economy. j 

On the question of foundations, I would like te 
suggest that in a very large number of cases it is possible 
to use mass concrete bases unreinforced for any but quite 
heavy columns. In fact I would go so far as to suggest 
that reinforcement should only be used in foundation: 
where load has to be transmitted over appreciable 
distances to equalise ground pressure. Mass concrete 
base has a further advantage of allowing the genera 
contractor to proceed unhindered, and this naturally 
shortens the time where frequently work is being don 
under difficult conditions. 


Before the war I was responsible for the design of < 
number of buildings in London using a composite 
construction consisting of a structural steel skeletor 
clothed in reinforced concrete. Generally speaking, ~ 
found that the weight of steel was mid-way betwee 
structural steel and reinforced concrete, and the sams 
applied to the cost. These buildings have all now beer 
up to 10-16 years, and have proved quite successful 11 
use, and particularly resistant to the effects of bombing 
I have not made a post-war comparison of this metho 
of construction with structural steel now that thy 
allowed stresses are rather different, but I feel it probabl 
that under present-day conditions it would be wortl 
doing. 


Mr. H. A. CADWELL (Member) writes :—There ar 
two matters of detail in Mr. Creasy’s paper on whicl 
I would like to comnyent, although they have littl 
significant bearing on the main theme of steel economy 

First, Mr. Creasy says, on page 506, that the “‘ omissio1 
of some relief (in working stress) in the design of encase 
beams, would appear ... etc.’’ This is not stricth 
correct, since B.S. 449-1948 permits an increase i 
working stress for properly cased beams of up to 50 pe 
cent. more than that for uncased beams, on the sam 
principles as for cased stanchions. It is true that n 
advantage can be derived where a beam is built solidh 
into a floor. since the working stress would be limites 
to the maximum value of Io tons per sq. inch. But i 
wall beams which are not laterally restrained by floo 
or other construction, the increase obtained from th 
casing allowance is appreciable. 

Secondly, on page 514, Mr. Creasy says, in connectio1 
with rigid frame joints, that “ there is considerable nee 
here for further experience in the development of | 
satisfactory detail.”” I am sure the author will forgiv 
me if I remark that the welded detail shown in sketcl 
No. 4 seems to me far from satisfactory. In fact, I an 
at a loss to understand the precise function of th 
various reinforcing and cover flats, and the manner i 
which the welds would be made. 

This detail makes no attempt to overcome the diff 
culty that the cover flats and beam flanges woul 
connect to the outside faces of the flange plates of th 
compound stanchions (shown in the sketch as a plat 
R.S.J.) and not to the main shafts, under which cor 
ditions the flange plates would be incapable of trans 
ferring the tensile forces across the stanchion sectior 
Further, the detail does not take into account th 
erection clearances which would probably be require 
at the ends of the beams. 

I should be grateful for any additional informatio 
Mr. Creasy can give on the connections shown. 


Mr. D. H. May (Member) writes :—Mr. L. R. Creas 
drew some rather surprising conclusions concernin 
“the value of prestressed concrete work as applied t 
general building construction. . . .””. These conclusion 
must not be allowed to pass unchallenged. Surely, h 
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annot be serious in his comparisons with a timber 
cructure. 

Few examples appear to exist of the application of pre- 
iressing to building frames. The majority of Con- 
mental examples are flat roofs supported on reinforced 
oncrete columns. It is fair to say that Sighthill, 
hich is apparently the building referred to in sketch 
fo. 7, is probably the first major building structure 
mploying extensive prestressing for carrying heavily 
yaded floors. Mr. Creasy is, therefore, drawing con- 
lusions between two comparatively well-developed 
nethods of construction and one that, in terms of time, 
s in its infancy. 

I hasten to add that my remarks must be construed 
is not applying to other examples of prestressed concrete 
‘onstruction, such as bridges, where there is no doubt 
bout its supremacy over reinforced concrete construc- 
ion, as has been proved on numerous contracts. 


The examples of prestressed concrete building construc- 
‘ion given by Mr. Creasy represents a step into a new tech- 
uque. Those who have been associated with the work 
<now that the members are not heavy bearing in mind 
the superimposed loads, the column spacing and other 
restrictions placed upon the designer by his terms of 
references, e.g., nearness to airport restricting height, 
and architectural requirements. One hesitates to draw 
a comparison with a similar construction in “ English 
Oak,” as Mr. Creasy suggests, as there is no doubt that 
such a structure would be “ vastly heavy and ugly.” 
One can imagine Mr. Creasy’s difficulties in attempting 
to accommodate the very heavy shears that are present. 

There is no doubt that the prestressed frame of the 
not too distant future will present a very different 
picture and only when such frames are being constructed 
commercially will he be justified in making such con- 
clusive comparisons between the various construction 
methods. 


Dr. P. W. ABELES (Member) writes :—The alleged 
ugliness and approximation (of prestressed concrete 
work) to oak construction are in the writer’s view by 
no means established. In his view oak structures 
designed in accordance with the strength of the oak 
need not be ugly; but in any case there is no general 
common basis between oak and prestressed concrete. 
In fact, one of the main features of this new material is 
to allow the use of beams of reduced construction depth 
without excessive deflection by the provision of an 
initial counter-deflection. 

The appearance of prestressed concrete constructions 
may vary to a great extent according to the assumptions 


upon which the design is based and on the suitability ~ 


of the cross sectional shape selected. Thus, it is not 
impossible that beside slender and shallow constructions 
some structures may be found which are heavier in 
appearance than would be expected by normal standards; 
but this would not give justification for a generalisation 
as expressed in Mr. Creasy’s conclusions. 

It may be added that only where bending moments 
may occur in two opposite directions, very slender and 
shallow constructions are generally not obtained, since 
a uniform prestress must be applied and consequently 
there is no initial counter-deflection. However, this 
loading which may occur with masts is unusual in ordi- 
nary construction. 

It is quite true that the successful application of pre- 
stressed concrete to normal building construction is 
relatively restricted at present, as Mr. Creasy says, but 
prestressed concrete is still in a state of development 
and it may be expected that in the near future standard 
units in prestressed concrete will be available for use. 
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As against Mr. Creasy’s conclusions, the writer would 
like to mention the following main advantages of pre- 
stressed concrete as compared with some other materials. 

I. Serviceability after loading up to nearly the failure 
load in view of complete flexibility and resilience ; 

2. Possibility of freedom from cracks ; 

3. No maintenance ; 

4. Reduced construction depth, if designed with 
temporary upward camber ; 

5. Saving of steel ; and 

6. Increased economy when designed on economical 
principles. 


The CHAIRMAN, winding up the discussion, said that 
the cost of design had been mentioned. As the amount 
of design work increased, so did design costs. The aim 
was to reduce overall costs. Thus closer analysis and 
higher stresses resulted in a higher proportion of total 
cost going to design charges. This change in incidence 
of cost, proportionately more to design and less to shop 
or works, was a gradual but continuous process and it 
was essential that this question should be squarely faced 
and accepted if progress is to be supported and if real 
overall economy is desired. This aspect, again, can 
only be adequately dealt with and explained to clients by 
engineers, and it must be undertaken as one of the 
engineer's many duties to the public and the profession. 

The conception that reinforced concrete takes longer 
than steelwork appears to be general, but it is not so 
well founded on fact and it should be qualified. Given 
the materials, proper organisation and the engineer in 
charge of the job, the reverse has often been the case, 
particularly when drawing office time is included. 


The Author's Reply 

Mr. CREASY began by saying how grateful he was to 
members for making in the discussion so vigorous a 
contribution to the questions which had been developed 
in the paper. A good deal of the discussion had centred 
on the question of semi-rigid construction, and he 
proposed to leave that to the last. Some questions 
he thought had overlapped and some had followed one 
another so quickly that he had not perhaps been able 
to make a note of them all. He hoped that he would be 
forgiven if he appeared at this discussion to ignore some 
of the points and promised to repair the omission, if 
such did occur, when the report of the meeting came 
to be printed. 

Clearing up the incomplete sentence on page 508, this 
should have read as follows :—‘‘ Those who decry this 
method of design well shown by mathematical analysis 
that plastic yield occurs in the end restraint cleat at an 
early stage in the loading of the beam and hence that 
quite small variations in super load may relieve the 
beam of all restraint and even introduce a moment of 
opposite sign into the adjacent beam. This theoretical 
analysis cannot be substantiated by tests,”’ etc. 

Concerning the question of steel economy and its 
relation to the cost of sausages ; he was not sure whether 
this was meant to be taken seriously, but he thought 
that it did represent an economy if one who was used 
to living on three sausages subsequently managed to 
reduce this number to two, although, he added, amid 
laughter, that the discussion rather reminded him of 
the man who was teaching his donkey to live on less and 
less, and just when the animal had learnt to live on 
nothing—it died. 

He was fully in agreement with Mr. Mason on the 
necessity for early co-operation between the Engineer 
and Architect, and he had tried to bring this out in the 
section on ancillary economies though not, perhaps, 
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with the same forceful emphasis. That relatively un- 
noticed part of his paper was intended to deal with the 
problems of that early stage in the development of a 
scheme when so many of the fundamental issues which 
affect economy were decided, almost haphazardly, and 
often without consultation between all concerned. 

Referring to Mr. Donovan Lee’s important contribu- 
tion to the discussion which had ranged over a wide 
field, the author hoped that in the introduction to the 
paper that evening his interpretation of the term 
“economy ’”’ as applied to structural design had re- 
assured Mr. Lee on this point. On the question of cold 
formed steel : he supposed it was fair to say that in this 
country this type of structure was only used for relatively 
small spans of up to 30 feet or so and that even there 
the use of this method did impose a severe rigidity on 
the layout. 

In the author’s experience the cold formed type of 
steel truss was extremely suitable as mass-produced 
frames for the temporary office building type of con- 
struction, but it would not lend itself to a building 
requiring only a few trusses as one of non-regular layout. 

Mr. Boyd had wondered whether there was a reduction 
in the cost of steel for a large tonnage of the same joist 
section, and he thought he was right in saying that there 
was no such reduction but the views of the steel manu- 
facturers would be welcome on this point. 

On the relative merits of framing beams into or past 
the column : it would be seen that, in the former case, 
the stability of the column was improved with a conse- 
quent increase in the permissible working stress and 
with a reduction in the column section. 

Regarding the saving of material which was to be 
achieved by using high tensile steels, the author recalled 
one actual example of a riveted multi-storey high tensile 
steel frame recently constructed in which a saving had 
been achieved of 20 per cent. in material over a cor- 
responding frame in mild steel. 

A query had been raised concerning the detail of a 
semi-rigid top cleat and the difference between the 
numbers of rivets in the vertical and horizontal legs of 
the bracket: the semi-rigid form of cleat had been 
developed empirically and did not lend itself to theoreti- 
cal analysis. The vertical leg of the cleat, however, 
was shop riveted to the stanchion and the rivets in the 
horizontal table were driven at site. 

Regarding the depth of the reinforced concrete beams 
shown in one of the sketches ; these could not be com- 
pared with the steel beams since as indicated in the 
ene they were designed for quite different super 
loads. 

Concerning the “ plastic’’ method of design; the 
author agreed that at working loads the maximum 
stress induced in a beam so designed was quite possibly 
within the elastic range but, nevertheless, that stress 
was probably higher than that at present permitted for 
beams designed according to the “ simple ’? method and 
on that account the deflection was correspondingly 
greater. This led to the need for closer research into 
the limits of deflection which were acceptable when 
considering the possibility of damage to the structure 
on the one hand and, on the other hand, of inconvenience 
to the user. 

The relevant clause in B.S. 449 on “ deflection ”’ was 
unsatisfactory in this respect and a more specific direc- 
tion was required, for example, on permitted limits of 
deflection for separate dead and live load conditions. 
In many cases the former could be easily masked by 
the casing, or by an initial camber, whereas the latter 
was more important in its relation to the damage which 
might be caused to the architectural treatment. The 
query which had been raised in respect of the quoted 
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beam-depth-to-span ratios arose from a difference i 
the value used for Young’s Modulus which, in this case 
had been taken at 13,000 lb. per sq. in., to allow for th 
additional deflection from the induced shear stresses. 
Mr. Reisser had raised a question on the welded semi 


‘space frame in which the latticed girder in the third an 


horizontal plane was omitted and replaced by th 
rigidity of the inter-connection between the other tw: 
planes, at their junction. The author had intende 
to say that a welded frame of this type would be lighte 
than a similar frame which was riveted, but would b 
heavier than a full space frame of normal type for exacth 
comparable conditions and form of construction. 

The figures quoted in the paper on the relative weight 
of steel required for a sheeted latticed steel frame and. 
barrel-vault roof had been taken from actual example 
but the author appreciated a contribution from Mr 
Blumfield’s wide experience in this field. Mr. Blumfiel 
had also referred to his previous experience with com 
posite steel and reinforced concrete construction. Th 
author had already expressed a disappointment tha 
the latest edition of the B.S.S. 449 should ignore th 
possibilities in this field. The contribution of a rein 
forced casing to the strength of a member was recognise 
for the unrestrained condition only and contrary to th 
impression given by Mr. Cadwell it would appear tha 
small advance had been made in this direction. Mr 
Cadwell’s reference to the unsatisfactory rigid joint a 
sketched was well merited but was to some exten 
answered by his own quotation from the paper—tha 
there was “a very considerable need for further exper 
ence in this field.’”’ The actual joint indicated wa 
based on certain aspects of American practice in whic’ 
the joists were notched to facilitate site welding. 

Turning to the subject of Prestressed Concrete: th 
ratios of 16: 8:1 which had been quoted in the pape 
for the weight of steel reinforcement in a steel beam, a 
compared with one of normal reinforced concrete an 
one of prestressed concrete assumed, as was statec 
that the beams were cast and prestressed by the long-be 
method. In cases where the beams were cast an 
tensioned individually with their own permanent en 
anchorages the weight of these must be included and, i 
consequence, the weight of steel required then approache 
the ratios of 16:8: 4. 

The author was grateful to Dr. Abeles for remindin 
Mr. May that the references in the paper referred t 
the use of prestressed concrete as applied “ at present 
in the field of ‘“‘normal building construction.” Th 
diagrams of Cases I to IV indicated the basis for th 
comparison which had been drawn between a prestresse 
concrete beam and one of a material, such as hig 
quality oak in which the same compressive stress 1 
flexure was permitted of, say, 2,000 lb. per sq. in. 

It would be seen from a study of the diagrams that 
in the simple case of pre-tensioning or of post-tensionin 
against the relatively small dead weight of beam onl 
the strength in flexure of the two beams would b 
similar. In favourable circumstances, where the bear 
was post-tensioned against the dead weight of beam an 
slab construction and when the ratio of live to dea 
wood approached to unity the strength in flexure of th 
prestressed concrete beam might be twice that of th 
oak beam. These were, however, special loading cor 
ditions and the process of tensioning the beams after th 
construction of the slab was one of some complexit 
when introduced into normal building operations. 

The author thought that he could now turn to th 
very vexed question of semi-rigid construction. H 
proposed in the first place to explain how Table 1 wa 
intended to be used. The inter-restraint momen 
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CASE I — Uniform -Pre- Tensioning. PRESTRESSED CONCRETE BEAMS 


1. + + b + Conditions of Stressing: 
1 Maximum peered compressive stress in 
concrete = +1. 

Permissible limits of stress in concrete at all 
stages of stressing and loading = > +1 
and =<") =o: 

W, = 2 Unit Stress. 
Nomenclature : 
P= Stresses: induced) by Pre or ‘Post 
Tensioning. 


= D = Stress induced by Dead Loads. 

[D+ L] L = Stress induced by Live Loads. 
R! = Resultant Stress Condition before 

application of Live Load. 
} W = Total Load which can be carried by 
CASE I — Eccentric Pre- iii phe Beare iy Elexnze. 
R = Final Stress Condition under Full Load. 
| { ‘| pee 


[prey R. 


W, CASE I — Eccentric Fost-Tensioning - Against the Dead Load. (Live-Dead Ratio 1:1] 


-{ +1 Ow +4 
1 Unit Stress for Dead | 
: . - ; W3=|4 Unit Stress for Live. 
te.2 Unit Stress. 
p 
+2 —{ +1 at 0 
‘ide D., R' L R 


Gari +1 
te Unit Stress for Dead 
— W4=\1 Unit Stress for Live 
t.e 1% Unit Stress. 
nt fe ie WEL -1 0 
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SUCCESSIVE STAGES IN LOADING 
ANO UNLOADING OF BEAMS. 

Bean loaded up to elastic limit of top cleat. 

Full load on beam- top cleat under plastic yield. Figure I. 

Bearn load relieved - fop cleat freed of stress. 

Bear load fully releved-reverse restraint 

rmoment at elastic limit in top cleat. 


OS 


@® 


(P) is calculated from the elastic 
rigidity of the top cleat ce 
yield stresses. 


\ (Pxa)= inter - restraint ronan 
* between beams and 
\ stanchion. 


Ns Constant Load Line 
\for ssa 


End Beam Restraint 
Mornent =(MR). 


JUTE 2. 
aye Figur 


THEORETICAL ARGUMENT 


Fig. 1.—Portion of Twin Span bent 
showing the assumed theoretically 
induced moments under progressive 
loading of the beams. 


Angular Rotation ( )) Fig. 2.—Successive stages in the 

deflection of the end cleat connection. 

at end of bearn. Values of (P) are determined from 

the elastic stiffness of the root of the 
top cleat at yield stresses. 

Values of (Mr) are calculated from 

the product of the force (P) acting 


about the fulcrum of the toe of the 
beam. 


@) 


4) 
Figure vt 
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Theoretical 
End Restraint 
for full rigidity 


Fig. 3.— Graphical representation 
the progressive loading of one 
am plotting values of the End 
‘am Restraint Moment (Mag) in- 
ced by the semi-rigid cleat against 
lues of the end Angular Rotation 
the Beam (6). 
“Constant Load Line’’ shows values of 
) for all possible values of (Mg) ‘for the same 
ad on the beam. Thus :— 
Full end fixity—zero rotation. 
Zero end fixity—full rotation. 
Beam-Load (1). The application of the 
tam load of a magnitude to induce yield 
resses in the top cleat : 
Full Restraint Moment from cleat Fig. 1. 
Partial rotation of the end of the beam— 
Fig. 2. 
Limit of straight line deformation—Fig. 3. 
From theoretical considerations this might 
xcur at say 1/20 of beam load at working 
resses. 


Max. end rotation—Fig. 2. 
Constant (Mr) with max. end rotation— 
Big. 3. 

Beam-Load (3) and (4). Cleat will 
perate elastically through the full range of 
eformation from positive yield stress to 
egative yield stress whilst values of (Mr) 
ill pass successively to zero and finally to a 
loment of equal but opposite sign—thus 
slieving the restraint moment in adjacent 
eam with consequent overstress—Fig. 1. 


SEMI-RIGID TESTS 

The ‘theoretical ’’ argument, is not con- 
rmed by tests. 

Fig. 4 is a reminder of the nomenclature in use. 
Fig. 5 shows graphically by full lines the actual 
elationship between (Mr) and (§) as obtained from 
ests on beam end connections subject to pro- 
ressive conditions of loading and unloading. The 
lotted line indicates the relation between (Mr) and 
6) to be anticipated from theoretical considera- 
ions. Within normal working stresses in the beam 
he cleat behaves in an elastic manner for all con- 
litions of loading and unloading of the beam 
vithout evidence of marked residual rotation. 


Fig. 6 shows broadly the relative rigidity e ) 
F 


or different cleats when applied to various beam 
sroups. 

The graphs shown have been plotted from tests 
n which the columns were completely rigid. These 
sraphs suggest that in a frame where the columns 
we completely rigid with end cleats of $in., 4 in. and 
} in. thick applied to light, medium and heavy 
9eams respectively then a Restraining Moment 
(Mz) of about 1/3 of the Fixed Moment or 1/5 of 
che Free Moment on the beam will be induced. 

Further investigations suggest that this value of 
(/5 is reduced to nearer 1/10 when allowance is 
nade for relative beam and column stiffness of the 
10rmal range. 


Figure 4. 


Beam-Load (2). Beam carrying full load ENO BEAM 

> working stresses. 

The Restraint Moment (Mr) in beam RESTRAINT MOMENT 
remains unchanged—Fig. 1. =(Mp). 


ree Bending Moment 
=(M). 
(4 for U.D. Load). 


Actual End Beam 
Restraint Moment 


=(Mp) 


Constant Load Lines for Beam. 


At 107- per sq. in stress in 
flexure. 


ANGLE ROTATION AT END OF BEAM 
=(@). 


ial igure 5. 


Light Bear. 


3 oe’ 8" 


THICKNESS OF ENO CLEAT. 


Medium Bear. 


Heavy Bear. 


Assuming Fully Rigid 
Colurnns. 


Figure 6. 
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between beam and stanchion is assumed to relieve the 
free bending moment in the beam and to induce a 
corresponding moment in the stanchion of equal magni- 
tude. The value of this relief moment was chosen 
empirically to equal one-tenth of the free moment in 
the beam which for convenience of computation was 
assumed to be numerically equal to the modulus of the 


® 


ss "6" x 4B*T 


(4.) Full Direct Load on Column 
Fq = 5:0 tons per 
Partial Load on Column 
(One-third full load on one bearr) 
Fa = 4:3 tons per sq. in. 
Fi = 1-0 ton per sq. in. 
Adjacent Beam 
Overstress = $2 4. 


SCALE FOR 
COLUMN —CLEAT 
RIGIDITY. 


Zero Rigidity 
Colurnn - cleat. \ 4 
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beam section. The stanchion was then designed for 
this latter value, in addition to the moments assumed 
to be induced, by the eccentricity of the beam load 
as for ‘“‘simple”’ design and the algebraic sum of al 
these moments on each side. of the column at each floor 
must be suitably proportioned between the upper ané 
lower column lengths ; again as for “ simple ”’ design. 


®. 


— a x 6x 4505 
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Figure 7. 
Semi-Rigid Tests (continued 


Fig. 8 shows once again th 
graph of End Restraint Momen 
(Mr) plotted agen Bear 
Rotation (6). 

The rescaling effect is indi 
cated in the relation betwee 
(Mr) and (0) when allowance 3 
made for relative beam an 
column rigidity. 

For the cleat system proposec 
tests suggest that the En 
Restraint. Moment (Mr) af 
proaches to 1/10 of the Fre 
Moment on the beam for a wid 
range of relative beam t 
column rigidity. , 

Fig. 7 shows a_ workin 
example of the stress induce 
in a portion of a semi-rigi 
frame subject to variations 1 
applied load. 

The Restraint Moment (My 
is proportional to the load o 
the beam for any fraction of th 
full beam load. 

Full allowance is made in th 
calculations for the beam an 
column for an Inter-Restrain 
Moment of 1/10 of the Fre 
Moment in the beam. 

Under the full beam load th 
column is stressed to 57 pe 
sq. in. and the beam to 1o?- pe 
sq. in 

The load on one beam may b 
reduced by 2/3 without in 
creasing the stress in the colum: 
and with a small overstress 1 
the adjacent beam. 


Figure 8. 
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The difference between the value of one-tenth of the 
»e bending moment and the numerical value of the 
am modulus amounted to approx. I per cent. of the 
’e moment in the beam at maximum permissible 
‘esses. The magnitude of the free moment could not, 


estraint eae 


| Stanchion. 
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of course, be assessed to this degree of accuracy and the 
device was recommended for its simplicity. In cases 
where the beam was not fully stressed and, in fact, in 
all cases, if so desired, the same numerical value for the 
inter-restraint moment would be used in the design of 


Righting Tendencies where 
(Mx) tends to vary from the 
Desired Value 


Consider the stability of the 


Free Moment on Bearris. frame if the actual induced 


Inter-Restraint Moment between 
beam and column is greater or 
less than the arbitrary chosen 
fraction of the Free Moment in 
the beam. Fig. 9 illustrates 
these alternative conditions of 
Restraint Moment. 
Figs. 10 and 11 show by 
Mr alternative illustrations the 
“righting ’’ tendencies which 
conspire to restore the frame 
into the selected condition of 
equilibrium for which it was 
designed. 


Figure 11. 
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beam and stanchion. It was, of course, essential that 
these calculations were made in the same units throughout. 

One question to be answered referred to the reason 
why the proposed method of semi-rigid design tended 
to use less steel than the simple method. There was 
of course an obvious saving in the beams which was 
offset, in part, by an increase in the outside stanchions. 
The section of the internal columns which, in general, 
were subject to a uniform loading would not be increased, 
however, and there was, in consequence, a net overall 
saving of material. 

The diagrams shown with commentary in Figs. Nos. 1 
to 11, outlined the basis upon which the semi-rigid 
design procedure indicated in Table 2 had been de- 
veloped. This rested largely on the results of tests 
performed in this country and in America which had 
led to certain broad conclusions and which could be 
summarised as follows :— 

That the actual behaviour of semi-rigid frames could 
not be deduced from a theoretical analysis : 

That an inter-restraint moment ‘must be induced 
between beam and stanchion, however slender the 
proportion of the top cleat detail. 

That an allowance ought to be made for this effect 
in the design of the frame by the super position of an 
arbitrary relief moment into the beam and of a restraint 
moment of equal numerical value into the stanchion : 

That the actual magnitude of these moments was not 
critical provided they were relatively small in proportion 
to the load to be carried and were statically consistent. 

Concluding with a general review of this difficult 
problem : it was the ever-pressing concern of the en- 
gineer to balance a too rigid adherence to tradition with 
the claims of each new scientific “ fashion.”” The semi- 
rigid method of frame design here proposed was intended 
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to be a middle course between the conventional “ simple 
and the complex “rigid” or “plastic”? method ¢ 
design. It could be claimed to reflect more nearly tha 
the one the actual behaviour of a frame and to be les 
intricate to use than the other. One could not have | 
both ways: it was irrational to object to the sma 
difference between the numerical value of the bea 
modulus and one-tenth of the free moment and then t 
advocate a return to the approximate method of stancl 
ion design using “ equivalent ”’ loads to object to th 
additional operations involved in this method of sem 
rigid design as compared with “simple” design an 
then to advocate the use of the far more complex Sem 
Rigid Code of the Department of Scientific and Industri; 
Research. The wide interest which had been show 
in the proposed method of semi-rigid was extremel 
gratifying. It was thought to be the first time that sue 
a relatively simplified approach to the semi-rigi 
problem had appeared in print and the close attentio 
of engineers was welcomed to the method, for only b 
such means could new ideas be developed and improves 
_ Finally, the author said that he wished to than 
members for their interest and patience in comir 
along that evening to listen to what he had to say an 
in giving their views so freely and in such a helpf 
manner. 


The PRESIDENT, terminating the meeting, thanke 
Mr. Creasy for his unperturbed and clear response 1 
the questions which had been launched at him fro: 
right, left, and centre. , He hoped he would be. publisl 
ing the diagrams shown on his final slides, with tk 
necessary explanations of his particular theory an 
method, and he also thanked all members who ha 
taken part in the discussion that evening. 


Book Reviews 


The Rigid Frame Bridge, by Arthur G. Hayden and 
Maurice Barron. (London, Chapman & Hall; New York, 
Wiley.) Third Edition, 1950. 240 pages, g in. by 6 in. 40s. 

This book is probably the only work in English on the 
Rigid or Portal Frame, and this third edition, though 
generally similar to the first two editions, contains much 
revision. The first chapters are the same as in the two 
first editions. They might well be revised using strain 
energy. This makes the derivation of the equations 
much simpler and more brief, and also reduces the 
possibility of confusion over signs. 


A new departure is the use of elastic weights and 
conjugate structures to lighten the arithmetical work. 
The principles underlying the use of these are not clearly 
explained. Presumably knowledge of other work is 
implied, though no references are given, and they might 
well be included. 

The method of design of skewed frames has been 
enormously simplified. The general conclusion being 
that they can be designed for the square span, and a 
“turning ’’ process applied to the design of the reinforce- 
ment, temperature stresses being based on the square 
span stresses multiplied by the secant of the skew 
angle. This is very welcome, since the Rathbun 
method was very laborious. It is claimed that the new 
method and the exact method agree very well, and with 
model analysis. One proviso must be made, however, 
that the present reviewer has never felt really confident 
of the Rathbun method on the grounds of doubt of the 
soundness of the method of arriving at the “ free”’ 
moment, and he has never felt really happy as to the 
validity of the temperature theory. 


Minor criticisms are that the method of calculatir 
earth pressure effects is needlessly complicated, and thi 
the symbol M has been used for both “free” an 
‘total’? moment, and in cases in which it was nc 
entirely clear from the context which effect was i 
tended. On the whole, however, the book is a mode 
and the general layout and printing are admirable. 

J ee 


Highway Engineers’ Reference Book, 1950-5 
General Editor, E. Molloy. (London, Newnes, 195¢ 
464 pages, II in. by 84 in. 45s. 

A new edition of this useful book has been publishe 
in which there has been a complete revision and r 
arrangement. The book is divided into eleven sectio1 
which cover road design and construction from th 
initial project to lighting, traffic control and mail 
tenance. 

Special features of this edition are new articles ¢ 
The Special Roads Act, 1949, Table of Principal Statut 
governing Highways and Streets, and a complete! 
new section on Bridges, which includes articles on Bridg 
Design both in Steel and Concrete, and Steel She 
Piling and Bearing Piles, with particular applicatic 
to Bridge Design. 

The subject of Traffic Control forms a separa 
section which includes a resumé of the Ministry « 
Transport Departmental Committee’s Report on Traff 
Control. 

Manufacturers’ Data, covering progress and develo] 
ment in each sphere of highway construction an 
equipment, follows at the end of the individual section 

The book is well illustrated. 
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ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
ructural Engineers was held at 11, Upper Belgrave 
reet, London, $.W.1, on Thursday, November 23rd, 
)50, at 5 p.m., Mr. J. E. Swindlehurst, M.A., M.I.C.E., 
.L.Struct.E. (President), in the Chair. 

The following members were elected in accordance 
ith the Bye-Laws. Will members kindly note that the 
ections, as tabulated below, should be referred to when 
msulting the Year Book for evidence of membership ? 


STUDENTS 


DAMS, Peter Henry, “Summerville,” Derek Gardens, 

Southend-on-Sea. 

TIwoop, Roy Leonard, 98, Chaddesden Park Road, 
Derby. 

‘ANK, Nathan, 72, Derby Road, Judith Paarl, Johannes- 
burg, South Africa. 4s 

(LACKBURN, Keith Chalkley, 4, Woodside Road, 
Woodford Green, Essex. 

OOTH, William Harold, 5, Highroyd, Moldgreen, 
Huddersfield, Yorks. 

LARK, Peter Jerome, 58, Brookvale Road, Olton, 
Birmingham, 27. 

OOPER, Ivan Maurice, 37, Africa Street, Oaklands, 
Johannesburg, South Africa. 

‘OXHEAD, Peter Leonard, 186, Clock House Road, 
Beckenham, Kent. 

JAVIES, Colin, 7, Senghenydd Street, Treorchy, Glam. 

JOWELL, Walter Roy, 145, Kingston Road, Willerby, 
E. Yorks. 

JZIEWULSKI, Jerzy, 26, Spruce Hills Road, Waltham- 
stow, E.17. 

*ARLEY, Michael George Gilbert, 1, Vine Gardens, 
Milehouse, Plymouth. 

xAWLER, Stanley William, c/o Hydro Design Office, 
Ministry of Works, Wellington, New Zealand. 

#REEN, Donald Herbert, “‘ Arlington,’ Silver-Sides, 
Brigg, Lincs. 

daLtows, Brian Hector, 23, Dorset Avenue, Romford, 
Essex. 

douGutTon, Tom Keith, 2, Buxton Street, Hazel Grove, 
Stockport, Cheshire. 

JAMES, Dennis Frederick, 29, Barriedale, New Cross, 
London, S.E.14. 

KACZKOWSKI, Tadeusz Adam, 43, Bromley Road, 
Walthamstow, E.17. 

KERR, David Sydney Mackay, 3, Fourth Street, Delarey, 
P.O. Maraisburg, Transvaal, South Africa. 

KwIATEK, Zbigniew, 43, Bromley Road, Walthamstow, 
|e dy a 

| ae James, 11, Hillside Drive, Bishopbriggs, 
Glasgow. 

NIGHTINGALE, Alan Francis, 20, Laings Road, Lower 
Hutt, New Zealand. 

PULLER, Malcolm John, 63, Highams Station Avenue, 

South Chingford, E.4. 

Reap, Roy Benjamin, 827, Old Kent Road, Peckham, 
London, S.E.15. 

Roserts, David John, 278, Devonport Road, Tauranga, 
New Zealand. 

Row ey, John Charles, 63, Pelham Road, Wimbledon, 
S.W.109. 

eee. Geury. 13, Westbury Road, London, E.17. 

Sutton, Derek Harold, 65, Beresford Road, Chingford, 
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Institution Notices and Proceedings 


THISTLE, Sydney Alan, 3, Richmond Terrace, Monk- 
seaton, Whitley Bay, Northumberland. 

WALKER, Brian Colin, 8, Elizabeth Avenue, Sandring- 
ham, Johannesburg, South Africa. 

WALKER, James, 53, Ashdown Avenue, Scunthorpe, 
Lincs. 

WILkinson, Leslie Alan, 356, Ormond Road, Gisborne, 
New Zealand. 

WoJCIECHOWSKI, Jan, 63, Rectory Road, Walthamstow, 
| ap ay 


GRADUATES 


ANDERSON, Albert William, Marine Guest House, 
1, Marine Terrace, Havre des Pas, Jersey, C.I. 

Banks, Douglas Henry, 156, High Street, Coleshill, 
Birmingham. 

Banks, John Bertram Wallace, 684, Mount Road, 
Wallasey, Cheshire. 

BoLton, Arthur, B.Sc.(Tech.), Manchester, 78, Blue- 
stone Road, Moston, Manchester, Io. 

BootH, Alan Sutherland, 23, Normanton Avenue, 
Salford, 6, Lancs. 

BREWINGTON, Charles Bernard, B.Sc.(Hons.), Birming- 
ham, 16, Glenfield Grove, Selly Park, Birmingham, 29. 

CHRAPOWICKI, Konstanty Antoni, 118, Cromwell Road, 
London, S.W.7. 

COHEN, Stanley Ernest, B.Sc., Rand, 802, Sunninghill, 
Koch Street, Joubert Park, Johannesburg, South 
Africa. 

Corp, Roy, B.Sc.(Eng.), London, 56, Hawthorn Avenue, 
Anlaby Road, Kingston-on-Hull. 

Cusson, Jeffrey Raymond, 1, Lynwood Gardens, 
Walton, Liverpool, 9. 

DoucLas, Thomas Harrison, 14, Murrayfield Avenue, 
Edinburgh, 12. 

FEWSTER, Howard Morgan, A.M.I.C.E., 56, Fidlas 
Avenue, Llanishen, Cardiff. 

HoLtLanpD, Ronald Wilber, B.A.(Hons.), Cambridge, 
9, Magda Road, Stockport, Cheshire. 

Jotty, Alwyn Grimshaw, B.Sc.(Eng.), London, A.C.G.L., 
46, Egmont Road, Sutton, Surrey. 

JONES, Gweurydd, 72, Raeburn Road, Blackfen, Sidcup, 
Kent. 

Kerr, James Cowie, B.Sc.(Eng.), Edinburgh, c/o Moir, 
24, Little Russell Street, London, W.C.1. 

KuAN, Abdut Tawwab, B.Sc.(Eng.), Aligarh, 3, Mariam 
Manzil, Tirathdas Road, Artillery Maidan, No. 1, 
Karachi, Pakistan. 

Latinc, Denis, 10, Irving Close, Woodsmoor, Stockport. 

Lerpowi1z, Bernard, B.Sc.(Eng.), Rand, 12, Hillway, 
Kingsbury, N.W.9. 

MapaAn, Madhukar Yeshwant, B.E.(Civil), Bombay, 
225, Khetwadi Main Road, Bombay, 4. 

MANDELZWEIG, Gordon, B.Sc.(Eng.), Rand, 59, 8th 
Avenue, Highlands North, Johannesburg, South 
Africa. 

Martyn, John, B.E., Ireland, 24, St. Gabriel’s Road, 
London, N.W.2. 

Mirvis, Lionel, B.Sc.(Eng.), Rand, Box 6749, Johannes- 
burg, South Africa. 

NADEN, James Anthony, 11, Turls Hill Road, Sedgley, 
Nr. Dudley, Worcs. 

PAuL, Peter Richard, 48, Belmore Road, Eastbourne, 
Sussex. 

Payton, Alan William, B.Sc.(Eng.), London, 60, 
Beechwood Gardens, Ilford, Essex. 
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Rarji, Prithviraj Diliprai, B.E.(Civil), Bombay, Noser- 
wan Hall, Station Road, Santa-Cruz, Bombay, 23, 
India. 

STEPHENS, Francis David, B.A., Oxford, 307, Burton 
Road, Derby. 

TELLER, Otto George, 22, Park Square East, Regent’s 
Panes ING i 

WALKER, Eric Stuart, B.Sc.(Eng.), Glasgow, Reinforcing 
Steel Co., Ltd., P.O. Box 848, Bulawayo, Southern 
Rhodesia. 


WILLIAMSON, James Wilson, B.Sc.(Civil), Edinburgh, 


3, Duggan Avenue, Toronto, Canada. 
WOoLSTENCROFT, Derek, B.Sc.(Eng.), (Hons.), London, 
61, Battlefield Road, St. Albans, Herts. 
ZuNz, Gerd Jack, B.Sc. (Civil), Rand, c/o“ Wild Woods,” 
Crews Hill, Nr. Enfield, Middlesex. 


MEMBERS 
NEWFIELD, Philip, B.Sc.(Eng.), 
Johannesburg, South Africa. 
PARKMAN, Claude Charles, ' O.B.E., M.1.C.E., A.M.I. 
Mech.E., A.M.I.Mun.E., 38, The Temple, Dale Street, 
Liverpool. 
SPILKIN, Joseph Hyman, B.Sc.(Eng.), 
Box 7233, Johannesburg, South Africa. 
STRONGMAN, Frank Spensley, A.M.I.Mun.E., P.W.D., 
P.O. Box 662, Head Office, Nairobi, Kenya Colony. 


Rand, Box, 7238, 
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TRANSFERS 
Students to Graduates 

Brunpritt, Alan, St. Augustine’s Vicarage, Lynton 
Road, London, S.E.r. 

Lane, Alan Sidney, 229, Old Shoreham Road, South- 
wick, Sussex. 

STEEL, Richard William Charles, 15, Bramley Road, 
Sutton, Surrey. 


Associate-Members to Members 

ANDERSON, Gordon Maconachie, A.M.IL.C.E. (S.A.), 
P.O. Box 9542, Johannesburg, South Africa. 

BARBER, Walter, 20, Selwyn House, Manor Fields, 
Putney Hill, London, S.W.15. 

BENNETT, Denis John, A.M.I.C.E., Kelham, Bath Lane, 
Fareham, Hants. 

Horowitz, Ludwig, -LL:D.,. DIP Eng.) ANE Gi 
6, Millstone Lane, Leicester. 

KanG, Chandan Singh, A.M.I.E.(India), Executive 
Engineer, Anandpur Division, P.O. Rupar, Dist. 
Ambala, Punjab, India. 

MACDONALD, Archibald Parker, B.Sc., Dalhousie, 
A.M.I.C.E., 115, Pound Court Drive, Orpington, 
Kent. 

MARQUES, Charles Albert, M.B.E., Culverwood House, 
Little Berkhamsted, Nr. Hertford, Herts. 

SARMA, Kasi Govind, B.Eng., B.Sc.(Eng.), Manchester, 
A.M.I.C.E., Chief Engineer’s Office, Bombay Port 
Trust, Ballard Road, Fort, Bombay, 1, India. 


RE-ADMISSION 
Associate-Membership 
WeEyYMOUTH, Robert Issell, Trinidad House, Coventry 
Street, Birmingham, 5. 


OBITUARY 


The Council regret to announce the deaths of Field- 
Marshal The Rt. Hon. Jan Christiaan Smuts (Honorary 
Member) ; George Walker ATKINSON, Selwyn George 
BENNETT, Joseph BissET, Donald Brooke, Walter 
MacpoNALD, Douglas Henry REMFREY, Robert Dudley 
Woop (Members); William Ewart THomas, A. E. 
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VICKERY (Retired Members); Frank Guy Burs 
(Associate) ; James Percival CORNELIUS, Ernest Edm 
LARKIN (Associate-Members). 


EXAMINATIONS, JULY, 1950 
(OVERSEAS CENTRES) 

The Institution’s Examinations were held in Ji 
1950, in Auckland (N.Z.), Beirut, Bombay, Ca 
Calcutta, Cape Town, Christchurch (N.Z.), Color 
Aligarh (Delhi), Dunedin (N.Z.), Durban, Hong Ke 
Johannesburg, Kuala Lumpur, Lahore, Luckn 
Madras, Mosul, Penang, Port Elizabeth, Salisb 
(Southern Rhodesia), Shillong, Singapore. Tel-A 
and Wellington (N.Z.). 

Twenty-four candidates entered for the Graduates 
Examination and sixty-two for the Associate-Meml 
ship Examination, making a total of eighty-six. 
these twelve passed the Graduateship Examination | 
nineteen passed the Associate-Membership Examinat: 

The names of the successful candidates are :— 


GRADUATESHIP EXAMINATION 


Epwarps, Paul Harper Dickinson, HERBERT, Ro 
William, JAMES, Bryan Wilson, MAK AH CHAN, MODI 
Sydney, Pocson, Albert Leonard, REEpD, Rot 
William, Rupp, Arthur Claude, SHAPIRO, Myer Jac 
THomas, David Lewis, Watson, Ian Dissington, WYL 
Gerald Alfred. 


ASSOCIATE-MEMBERSHIP EXAMINATION 


ARMSTRONG, Stanley George, CHATTERJEE, Ra 
Mohan, CHELVADURAI, Kanakenthiram, CLIFF, Dei 
Rydal, CRossLeEy, Bernard Trevelyan, Dosson, Pati 
Arthur, DuBAsH, Ruton Jamshedi, EHRLICH, Rob 
ERULKAR, Jonathan Eliab, GEDYE, Noel Trey 
GotpIE, John Barkley, KHare, Shrikrishna Tryamb 
MATTHEWS, Samuel Wauchope Armour Charles, PITI 
Kenneth John, Ryss, Jurie, SINGH, Kishen, \ 
TINTEREN, Boudewijn, WonG Gat Hone, Yap Lec 
KEE. 


PRIZE LIST—JULY, 1950 EXAMINATIONS 


ANDREWS Prize. (For the candidate who obtains 
highest aggregate of marks in the Associate-Members 
Examination, passing in all subjects). 

Leslie Kenneth Bonp, of London. 
HuSBAND Prize (For the candidate who takes 
whole of the Associate-Membership Examination, pa: 
in all subjects, and obtains the highest marks in 
paper “‘ Structural Engineering Design and Drawing 

Henry Victor WELLS, of London. 

WALLACE PREMIUM (SENIOR) (For the candidate vy 
takes the whole of the Associate-Membership Exami 
tion, passes in all subjects, and obtains the higt 
marks in the paper “‘ Theory of Structures (Advanced 

Leslie Kenneth BoNnb, of London. 

WALLACE PREMIUM (JUNIOR) (For the most succes: 
candidate in the Graduateship Examination, pas: 
in all subjects). 

Maurice Grant BAGuULEY, of Bexleyheath, Kent. 


EXAMINATIONS, 1951 
The Examinations of the Institution will be helc 
centres in the United Kingdom and Overseas on Janu 
oth and roth, and July 17th and 18th (Graduates! 
and January 11th and 12th, and July 19th and 2 
(Associate-Membership). 


REPRINTS FROM THE JOURNAL 


Authors who wish to obtain reprints of their pay 
published in the Journal, are requested to communic 


“Inuary, 1951 


: th the publishers at least one calendar month. before 
> date of publication of the paper in question. 


DRURY MEDAL AWARD 


The third competition for the above award will take 
i uce In 1951, and the subject will be the design of a 
nforced concrete garage with provision for erection 
ove it of future superstructure, the garage being 
bjected to unbalanced earth pressure. 
,)Graduates and Students of the Institution who wish 
compete are invited to apply for full details to the 
}cretary ; envelopes to be marked in the top left-hand 
rer “ Drury Medal Award.” 
The closing date for the competition is October St, 
st. 
() The general conditions of the competition are as 
llows :— 
jx. The competition shall be for Graduates and 
cudents of the Institution of not more than 25 years 
age. 
2 SThe subject of the competition shall be a design of 
‘structural character, that is to say, primarily structural 
asign, not planning. 
§ 3. The subject of design and conditions shall be 
repared and issued biennially by a group of five mem- 
Jers appointed by the Council. 
4. The Literature Committee shall appoint a jury of 
ot less than five to examine the works submited and 
) interview candidates, if found necessary. - 
5. In order to show that the work submitted is solely 
ve work of the competitor, the documents submitted 
aall be countersigned by a corporate member of the 
nstitution, or, failing this, shall be accompanied by a 
eclaration on a prescribed form signed by the candidate 
1 the presence of a Justice of the Peace or a Commis- 
ioner for Oaths. 


foe MACLACHLAN LECTURE 


GENERAL CONDITIONS 

Through the generosity of Mr. John MacLachlan 
Retired Member), the Council was able in 1948 to 
nstitute an Annual Lecture to be competed for by 
\ssociate-Members. The conditions of the presentation 
ire as follows :— 

1. The Institution of Structural Engineers shall 
nstitute a written lecture to be known as the MacLachlan 
-ecture and to be held annually. 

2. The subject of the Lecture may be on any aspect 
of Structural Engineering so long as in every second 
rear the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shall 
ye confined to Associate-Members of the Institution. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council of 
the Institution and all such papers (including the prize- 
winning Lecture) shall be available for publication in the 
Journal of the Institution at the discretion of the Council. 

5. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. 

6. In the event of there being no winner of the compe- 
ition in any one or more years, whether because no 
ecture is submitted or because no lecture submitted is 
onsidered to be of sufficient merit to warrant an award, 
yr for any other reason, the Institution shall transfer 
this sum to the Research Fund of the Institution. 


PARTICULARS OF THE COMPETITION FOR 1951 
1. The MacLachlan Lecture will be given at a meeting 
yf the Institution to be arranged towards the end of 1951. 
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2. The subject of the Lecture shall be confined to 
Steel Structures. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the compe- 
tition, will deliver before an audience in the course of 
about one hour. The development of mathematical 
formule and detailed calculations should be avoided as 
far as possible in the text ; if they are essential they 
should be embodied in appendices. Photographs, 
drawings, graphs, etc., which would appear as illustra- 
tions to the Lecture in published form, should accom- 
pany the script. If additional illustrations would be 
shown as slides, a list of these should be included. 

4. Six copies’ of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
Institution is Friday, March 30th, 1951. 


Mr. F. E. DRURY (PAST-PRESIDENT) 


The Council announces with deep regret that Mr. F. E. 
Drury, O.B.E., M.Sc., who was President of the Institu- 
tion for the Session 1945-1946, died suddenly at his 
home in Orpington on November roth, 1950, at the 
age of 72. 

Francis Edson Drury was born in Yorkshire in 1878, 
and was trained for a teaching career. His first appoint- 
ment was in Oldham, after which he moved to London, 
where he gave advanced lectures on structures and 
applied geometry at the City and Guilds College. Feeling 
the need for practical experience, however, he resigned 
his teaching appointment to enter a building contractor’s 
business, where he spent six or seven years. In 1907 
he returned to teaching as Chief Lecturer in Building 
at the Halifax Technical College. In 1913 he became 
Head of the Building and Civil Engineering Department 
at the Royal Technical College, Salford, and from there 
he went as Head of the Building Department, to the 
Manchester College of Technology. From 1915 to 1922 
he carried out considerable research work on concrete, 
for which he was awarded the degree of M.Sc.(Tech.), 
in 1923. 

From 1918 to 1927, Mr. Drury was senior partner in 
the firm of Drury & Gomersall, Architects, Surveyors 
and Consulting Engineers. He was then appointed 
Principal of the London County Council School of 
Building, an appointment which he held until December, 
1943, when he retired. During this period, Mr. Drury 
took an active part in the work of the Institution, of 
which he had been a member since Ig13, as an examiner, 
as a member of the Literature and Science Committees, 
and as Chairman of the Education and Examinations 
Committee and of the Membership Committee. He was 
elected to the Council in 1940, became Honorary Secre- 
tary in 1941, Vice-President in 1943, and President 
for the Session 1945-46. 

For many years, Mr. Drury served on Committees 
set up in connection with building education and he 
represented the Institution on the Building Apprentice- 
ship and Training Council. He was the author, or 
joint author, of a number of books on construction, 
quantities, building science and mathematics, and for 
his paper on “ The Structural Engineer and his Voca- 
tional Training,”’ read before the Institution in 1931, 
he was awarded a Silver Medal. 

In 1946, the King honoured Mr. Drury for his public 
services by awarding him the O.B.E. 


LAPSED MEMBERSHIP 
The membership of the undernoted has lapsed in 
accordance with the provisions of Bye-Law 31 :— 
Cyril Murton Crort, Cyril Hawthorn MITCHELL, 
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Sidney Thomas SmitH, William Francis TIPPET 
(Members) ; Oliver Stanley WEBB (Retired Member) ; 
William Benford Moore (Associate) ; John Bryce Wesley 
ABELL, Manual ACKERMAN, Cecil Vance BOWLEs, 
John BRENNAN, Ivor Brooks, A. D. CLARK, 
Krishnaji Ganesh DEopHAR, Naum Fiser, Edward 
Thomas HANRAHAN, Chung Ying NIEN, Robert 
TURNER, Ramjee Prasad VERMA, Noel John WALLIS 
(Associate-Members) ; Richard Purcell BLow, Donald 


CARTWRIGHT, Harold Anthony Epwarps, Stanley » 


James Ferris, Cyril Rowland Harman, Lawson Herbert 
Beese HATHERELL, Peter Frederick HopcEs, Siang L1, 
Harry. Lucas, Geoffrey OSBORNE, Herbert Harry 
SPENCER, George William TayLor, Arthur Cecil TIVEY, 
George Albert WapLow, Alastair Claude WICKRAMA- 
SINGHE (Graduates); Norman Harry Batt, Leonard 
Brokensha Burrows, Robert Dennis CHERRY, Robert 
Michael Hiccin, Robert Mortimer Ltioyp, Denis 
George Stewart LoosEemMorE, C. K. Radha Krishna 
SASTRY, Victor Ayoade SOLANKE, Shri Narayan 
TIWARI (Students). 


CORRIGENDUM 


1950/51 edition of the Year Book, page 4, and Ses- 
sional Programme 1950/51, page 3. 

The entries under the name of Mr. H. C. Husband 
should be amended to read as follows :— 

H. .C. Husband, <B:Eng.; M:hbC.Ee MilMechiik: 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, $.W.1 :— 


Thursday, January 11th, 1951 

Ordinary Meeting at 6 p.m., when Dr. W. Eastwood, 
B.Eng. (Associate Member), will present a paper on 
“A Comparison of the Bearing Power of Footings on 
Dry and Inundated Sand.” 


Thursday, January 25th, 1951 

Ordinary General Meeting for the election of members, 
5.55 p.m., followed by Ordinary Meeting at 6 p.m., when 
Mr. J. W. H. King, M.Sc., A.M.I.C.E. (Associate Mem- 
ber), will present a paper on “‘ A Fundamental Approach 
to Prestressed Concrete.”’ 


Thursday, February 8th, 1951 

Ordinaty Meeting at 6 p.m., when Mr. F. G. Etches, 
B.Sc.(Eng.), A.M.I.C.E. (Member), will present a paper 
on “ The Construction of an Extension to a Factory at 
Silvertown.”’ ; 


Wednesday, February 14th, 1951 

Joint Meeting with the Reinforced Concrete Associa- 
tion, 6 p.m., when Professor A. L. L. Baker, B.Sc., 
M.I.C.E. (Member), will present a paper on “ The 
Ultimate Strength of Prestressed Concrete.” 


Thursday, February 22nd, 1951 

Ordinary General Meeting for the election of members, 
5.55 p-m., followed by Ordinary Meeting at 6 p.m., when 
Dr. G. G. Meyerhof, M.Sc., Ph.D., A.M.I.C.E. (Associate 
Member), will present a paper on “ Building on Fill, 
with Special Reference to the Settlement of a Large 
Factory.” 


Thursday, March 8th, 1951 

Ordinary Meeting at 6 p.m., when Mr. C. L. a’Court, 
M.1.C.E., will present a paper on “ Special Treatment 
for Portland Cement Concrete.” 


Thursday, March 29th, 1951 
Ordinary General Meeting for the election of members, 
5.55 p-m., followed by Ordinary Meeting at 6 p.m., when 
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Mr. E. Roland Hole (Member), and Mr. F. C. Ea 
(Associate Member), will present a paper on “17 
Construction of the Royal Festival Hall.”’ 

Members wishing to bring guests to the Ordinz 
Meetings of the Institution announced above | 
requested to apply to the Secretary for tickets of « 
mission. 


LONDON GRADUATES’ AND STUDENTS’ SECTI 

The next meeting will be held at 11, Upper Belgre 
Street, London, S.W.1, on Tuesday, January 23 
Ig51, at 6 p.m., when Mr. J. E. Swindlehurst, M.. 
M.I.C.E. (President), has kindly consented to addr 
the section. 

Hon. Secretary: W. S. Twelvetrees, 6, Dell Ro: 
Enfield Wash, Middlesex. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 


Tuesday, January 16th, 1951 


Third Ordinary Meeting. Open Discussion Meeti 
at the College of Technology, Manchester, at 7 p.m. 


Thursday, February 15th, 1951 

Fourth Ordinary Meeting. Joint Meeting with 1 
Institution of Civil Engineers, North-Western Assoc 
tion. Mr. J. Cunningham, B.Sc., A.M‘I.C.E., on-“ 7 
Britannia Tubular Bridge over the Menai Straits,” 
the Engineers’ Club, Albert Square, Manchester, 6 
p-m. 


Friday, March 16th, 1951 

Fifth Ordinary Meeting. Details to be announc 
later. 

Hon. Secretary : G. Greenlees, 16, Mayfield Aven 
Stretford, Lancs. 


GRADUATES AND STUDENTS’ SECTION 
The following meetings have been arranged :— 
Wednesday, January 1oth, 1951 
Third Ordinary Meeting. Mr. P. N. Reed on “J 
History and Development of the Manchester SI 
Canal.” 


Friday, March 30th, 1951 

Annual General Meeting. Details to be announc 
later. 

Hon. Secretary : F. H. Turner, 11, Colwell Aven 
Stretford, Lancs. 


MIDLAND COUNTIES’ BRANCH 
The following meetings have been arranged :— 
Friday, January 20th, 1951 
Mr. A. Sutcliffe and Mr. G. E. Garrard on “ So 
Aspects of the Construction of a Large Modern T 
plate Cold Reduction Plant.”’ 


Friday, February 23rd, 1951 

Mr. A: J. Francis, M.Sc.(Eng:), Ph.D. A:MiING 
(Associate Member), on “‘ Distribution Methods 
Structural Analysis.” 


Friday, March 30th, 1951 

Mr. W. P. Andrews and Mr. P. G. Bowie, A.M.I.C 
(Member), on “ The Solution of the Car Parking Prob] 
Here and in the U.S.A.” 

All the above meetings will be held at the Jan 
Watt Memorial Institute, Birmingham, at 6 p.m. 

Hon. Secretary : E. R. Deeley, Arranmoor, Adshe 
Road, Dudley, Worcs. 


| anuary, 1951 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


aturday, February 24th, 1951 
J) Visit to the Round Oak Steel Works, at IO a.m. 


uesday, March 20th, 1951 

) Annual General Meeting. Films: “ The Failure of 
|}he Tacoma Narrows Bridge,” and “ The Collapse of the 
Xemagen Bridge,” at the James Watt Memorial Insti- 
Jute, Birmingham, at 7 p.m. 

4) Hon. Secretary : M. H. Evans, B.Sc., 107, Metchley 
}-ane, Harborne, Birmingham, 17. 


| NORTHERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 
Wednesday, January oth, 1951 
Joint Meeting with the Institution of Civil Engineers. 
@Mr. E. F. Bowen and Mr. T. P. Reeves (Associate 
Wlember), on “‘ Reconstruction in Concrete of a Steel 
?ipe Bridge,’’ at Middlesbrough. 


Wednesday, January 17th, 1951 
Joint Meeting with the Northern Architectural 
Association. Discussion: “‘ The Aesthetics of Struc- 
‘ural Engineering,’’ at Newcastle. 


Tuesday, February oth, 1951 


Mr. N. J. Ruffle (Graduate), on “‘ Concrete Control 
for Small Works,” at Middlesbrough. 


Wednesday, February 7th, 1951 
Mr. N. J. Ruffle (Graduate) will present the same 
paper at Newcastle. 


Tuesday, March 6th, 1951 
Rime. da: be: T.D., M.Se., A.M.I.C.E. (Associate 
Member), on “ Testing Methods in piruchutal Engineer- 
ing,’ at RE lesbrourh. 


Wednesday, March 7th, 1951 

‘Mr. P. L. Capper will present the same paper at 
Newcastle. 

All meetings commence at 6.30 p.m., preceded by 
tea at 6 p.m., the Middlesbrough meetings being held 
at the Cleveland Scientific and Technical Institution, 
Corporation Road, and those at Newcastle in the 
Neville Hall, near the Central Station. 


Hon. Secretary : J. A. Williams, A.M.I.C.E., 57, Reid _ 


Park Road, Jesmond, Newcastle upon Tyne, 2. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 
Tuesday, January goth, 1951 
Details of the lecture to be announced later. 


Tuesday, February 6th, 1951 
Mr. W. Shearer Smith, A.M.I.C.E. (Associate Mem- 
ber), on ‘‘ Cold Formed Sections in Structural Practice 
with a Proposed Design Specification.”’ 


Tuesday, March 6th, 1951 
Film : “ Military Pile Driving.’ 
The above meetings will be ne in the College of 
Technology, Belfast, at 7.15 p 
Hon. Secretary : SG; ee “Jisleen,” © ¥3, 
Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


Friday, January 2th, 1951 
Joint Meeting with the Institution of Civil Engineers. 
Mr. S. Packshaw, M.I.C.E. (Member), on ‘‘ Recent 
Developments in Steel Piled Construction,” at Institution 
of Engineers and Shipbuilders, Glasgow, 6.15 p.m. 


Friday, January 26th, 1951 
Joint Meeting with the Institution of Civil Engineers. 
Mr. S. Vaughan, B.Sc., M.I.C.E. (Member), on ‘‘ The 
New House of Commons—Foundations and Structure,”’ 
at the Royal Technical College, Glasgow, 6 p.m. 


Tuesday, February 20th, 1951 
Mr. H. B. Sutherland, S.M., A.M.I.C.E. (Associate 
Member), will present a paper at Ca’doro Restaurant, 
Glasgow, 6 p.m. (Title to be announced later). 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E 
11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES’ BRANCH 
Hon. Secretary : E. W. Howells, 10-12, Market Street, 
Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 
Friday, January 19th, 1951 
Mr. D. J. Maclean, B.Sc., A.Inst.P., on “ Soil Mechan- 
ics,’ at Colwyn Bay. 


Tuesday, February 6th, 1951 


Mri Wis. Atkins; B.Sc.;..M.1.C.E.,..on’ “ Modern 
Trends in Structural Design,” at Cardiff. 


Tuesday, February 13th, 1951 
Mr. Norman Thomas, M.B.E., A.R.I.B.A., on “ Plan- 
ning Factories for Light Industry,”’ at Swansea. 


Friday, February 24th, 1951 
Details of the lecture to be announced later, at 
Colwyn Bay. 


Tuesday, March oth, 1951 
Mr. G. R. Brueton, A.M.J.C.E. (Associate Member), 
will present a paper at Swansea. (Subject to be an- 
nounced later). 


Wednesday, March 14th, 1951 


Mr. G. R. Brueton will present the same paper at 

Cardiff. 
Friday, March 30th, 1951 

Mr. A. V. Hooker, A.M.I.C.E. (Associate Member), on 
“Structural Engineering at Abbey Works,” at Colwyn 
Bay. 

The meetings in Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 

The meetings in Swansea will be held at the Mack- 
worth Hotel, at 6.30 p.m. 

The meetings at Colwyn Bay will be held at the 
County Buildings, at 6 p.m. 

Hon. Secretary: E. R. Steward, Edrom, Ashleigh 
Road, Blackpill, Swansea. 
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WESTERN COUNTIES’ BRANCH 

The following meetings have been arranged :— 
Friday, January 5th, 1951 

Mr. N. G. T. Ball (Associate Member), on “ The Re- 


construction of the Colston Hall, Bristol,’ at Grand 
Hotel, Bristol. 


Friday, February 2nd, 1951 
Joint Meeting with the Institution of Civil Engineers. 
Professor Andrew Robertson, D.Sc., F.R.S., M.LC.E., 
on ‘‘ A Chapter of Engineering a Century Ago,” at College 
of Technology, Bristol. 


Friday, March 2nd, 1951 

Mr. F. W. L. Heathcote and Mr. A. H. Chilver, B.Sc. 
(Student), on “‘ Light Gauge Structural Steel Sections,” 
at College of Technology, Bristol. 

The above meetings will be held at 6,15 p.m., and will 
be preceded by tea at 5.30 p.m. 

Hon. Secretary : C. E. Saunders, Dunkery, Edward 
Road, Walton St. Mary, Clevedon, Somerset. 


YORKSHIRE BRANCH 


The Second Ordinary Meeting was held on Wednesday, 
November 15th, 1950, at 6.30 p.m., in the Great Northern 
Hotel, Leeds, when Mr. H. C. Husband, B.Eng.,M.1.C.E., 
M.I.Mech.E. (Member), was in the Chair, and 40 mem- 
bers and visitors were present. Mr. L. Scott White, 
M.I.C.E. (Member), gave a lecture on “‘ Moving King 
Henry VIII’s Wine Cellar.”’ At the conclusion of the 
lecture a vote of thanks was proposed by Mr. James 
Bussey (Member), and seconded by Captain J. B. 
Lawson, M.B.E., A.R.I-B.A. (Member). 


The following meetings have been arranged :— 


Wednesday, January 17th, 1951 
Mr. D. J. Davies, B.Sc.(Eng.), A.M.I-C.E. (Associate 
Member), on “ Welded Highway Bridges.”’ 


Wednesday, February 21st, 1951 


Junior Branch Prize Paper. 


Friday, February 23rd, 1951 
Annual Dinner and Dance, at Castle Grove Masonic 
Hall, Headingley, Leeds, at 7 p.m. 


Wednesday, March 2ist, 1951 

Joint Meeting with the Yorkshire Association of the 
Institution of Civil Engineers. Mr. J. Guthrie Brown, 
M.I.C.E. (Member), on “ Hydro-Electric Development, 
Pitlochry,’ at Leeds University, at 7 p.m. 

All meetings, except the Joint Meeting on March atst, 
1951, will be held at the Great Northern Hotel, Leeds, at 
6.30 p.m. 

Hon. Secretary : E. Wrigley, City Engineer’s Depart- 
ment, Civic Hall, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
P.O. Box No. 3306, Johannesburg. During week-days 
Mr. Tait can be contacted in the City Engineer’s Depart- 
ment, City Hall, Johannesburg, ’phone 34-1111 ext. 257. 

Natal Hon. Secretary : E. G. Bennett, c/o Reinforcing 
Steel Co., Ltd., P.O. Box 478, Durban. 

Cape Section Hon. Secretary : R. Stubbs, P.O. Box 
1692, Cape Town. 
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ADDITIONS TO THE LIBRARY 
The following publications have been added to th 
Library :— 
AMERIKIAN, A. Analysis of Rigid Frames (An Applicz 
tion of Slope Deflection). Washington, 1942. 


Baker, A. L. L. Reinforced Concrete. London, 194 
Presented by Professor R. H. Evans. 


Baver, E. E. Plain Concrete. 3rd Edition. Ne 
York and London, 1949. Presented by Mr. R. . 
Wilkins. 


BLAKEY, Joseph. 
and Glasgow, 1940. 


University Mathematics. Londo 
Presented by Mr. F. A. Gerar 


BUTTERWORTH, S. Structural Analysis by Momer 
Distribution. London, 1949. Presented by Mr. D. 1 
Williams. 


FAIRWEATHER, G. Structural Economy for the Arch 
tect and Builder. London, 1949. Presented b 
Mr. F. S. Mumford. 


GLoaG, J., 
Iron in Architecture. 
Mr. S. B. Hamilton. 


Harris, C. O. Strength of Materials. 
Presented by Mr. H. A. Warren. ~ 


Harris, G. W. Clerks of Works Manual. London, 194! 
Presented by Mr. Scott H. Hume. 


and BripGwaTeER, D. A History of Cas 
London, 1948. Presented b 


Chicago, 194! 


HeERZKA, Leopold. Statik der Formanderungen vo 
Vollwandtragwerken. Vienna, 1948. Presented b 
Dr. P. W. Abeles. 


Iron and Steel Institute. Corrosion of Iron and Steel b 
Industrial Waters, and its Prevention. Londo: 
1949. Presented by Mr. R. W. Schofield. 


KLoucek, C. V. Distribution of Deformation (A Ne 
Method of Structural Analysis). Translated from tt 
Czech and German editions by A. H. WaDDELI 
ZALUD and F. H. ZAtup. Prague, 1949. Presente 
by Dr. Hajnal-Konyi, together with the Czech an 
German editions. 


LecatT, A. W., Dunn, G., and FarrHurst, W. A. Desig 
and Construction of Reinforced Concrete Bridge 
London, 1949 Presented by Mr. Malcolm Glover. 


Lincoln Electric Company. Procedure Handbook « 
Are Welding Design and Practice. Cleveland, Ohi 
1942. Presented by Mr. J. V. Taylor. 


Low. B. B. Strength of Materials. 
Presented by Mr. K. E. Walker. 


MINIKIN, R. R. Structural Foundations. Londo. 
1948. Presented by Mr. Gower B. R. Pimm. 


London, 194: 


Morcan, W. Elementary Reinforced Concrete Desig 
for Students of Architecture and Building. Londo: 
1949. Presented by Mr. T. J. Bray. 


REECE, P.O. An Introduction to the Design of Timb« 
Structures, London, 1949. Presented by the Authoi 


SMITHELS, C. J. Metals Reference Book. Londo: 
1949. Presented by Mr. E. P. Featherstone. 
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The Construction of an Extension 


to a Factory at Silvertown’ 
By Frank G. Etches, B.Sc., M.I.Struct.E., A.M.I.C.E. 


Introduction 
The site of the factory extension to be described 


‘xtends from North Woolwich Road to the River Thames 


ad covers approximately eleven acres. A wharf 
<tends along almost the whole of the river frontage 
ad is provided with 2-ton travelling electric cranes. 
Ithough it was necessary for the owners to have access 
) this wharf for outgoing goods during the progress of 
ie works, the wharf was not used to receive materials 
r plant, and all such traffic was by road. 

During 1948, the owners, Venesta Limited, decided to 
sconstruct the south end of their site up to the river. 
.t that time this portion ofthe factory was used for the 
roduction of plywood and metal-faced ply, but this was 
lanned to be moved to another site some miles further 
own the river. 


SCALE 


Block E (shown on the site plan) had a five-span 
timber Belfast truss roof, boarded and felted, carried 
on steel lattice girders on steel stanchions. 

It was known to be carried on substantial concrete 
strip foundations, but these had sunk under each 
stanchion, causing the concrete floor to follow in a series 
of undulations. 

One of the essential requirements of the buildings was 
that they should be provided with travelling cranes, but 
there was not sufficient headroom in E Block, even if the 
foundations had been capable of carrying the additional 
load. 

Block J was the newest of the three buildings and was 
of normal light steel trusses and stanchions covered with 
corrugated steel sheeting. The mass concrete founda- 
tions here also showed clear signs of settlement. 


300 
a FEET. 


The aluminium foil rolling section then in operation 
at the north end of the site had reached the limits of its 
expansion. It was to be moved to the south end of the 
site, to the space previously occupied by plywood 
production, where sufficient room was available for 
immediate needs and some future extension. 

The change of use, however, demanded different 
conditions and the three main single-storey buildings 
were reviewed to see if any use could be made of them 
as they stood, or after reconstruction. 

All the buildings had been built or re-built after the 
Silvertown explosion which occurred on the adjoining 
site during the 1914-18 War. These buildings were of 
different forms of construction and had evidently been 
built or extended at various times. 


*Paper to be read before the Institution of Structural Engineers at 
11, Upper Belgrave Street, London, S.W.1., on Thursday, February 
8th, 1951, at 6 p.m. 


Fig. 1 


Block F was a reinforced concrete framed building 
with brick panel walls carried on piled foundations. The 
roof was slated and boarded with continuous glazing and 
ridge lanterns carried on steel trusses supported by the 
concrete beams. Although the concrete floor had sunk 
in some areas, there was no indication of any serious 
settlement of the piled foundations; the headroom 
would be sufficient for cranes. 

The result of this investigation was a decision to 
retain F Block with some modifications, and to demolish 
both E and J Blocks. The roof of E Block was intended 
to provide all the timber which would be needed for the 
new work ; this intention was not fully realised, as the 
quality was later found to be lower than was hoped. It 
did, however, provide all the rough shuttering for 
foundations and for much of the concrete casing for 
steelwork, where this could not be avoided. 

The steel frame of Block J was taken down, cleaned, 
primed and marked and removed to the second site 
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referred to above. Here it was re-erected and now 
forms part of the manufacturing buildings there. 
The finished buildings are to be used in the following 
way: Block F for heavy rolling machinery, Block J 
for printing and lacquering, and Block E for finishing 
and packing. 
Site Investigation 


Before the demolition was started, a number of 
exploratory pre-piling tests were made in each building 
and in the adjoining areas. These established that the 
top 40 feet of the site was made up of soft river deposits 
and made ground. Below this was about 10 feet of 
loose gravel with firm clay below. An existing record 
of a boring for an artesian well made some years ago a 
little further north on the site confirmed this. 

It was clear that all heavy load concentrations would 


have to be carried on piles, and these would have to be - 


up to 55 feet long. Three 14 in. X 14 in. precast 
concrete test piles were accordingly driven in such 
positions that they could be incorporated in the finished 
work. One of these was selected for a static loading 
LeSU; 

A temporary timber crib was built over the pile and 
this was loaded with steel kentledge. The top of the 
pile was brought to a level surface to receive a 200-ton 
hydraulic jack with pressure gauge reading tons force. 
A light metal frame was securely bolted near the head 
of the pile which carried four vertical strips of graph 
paper, so arranged that one occurred approximately 
at each corner. This can be seen in Fig. 2. 

A theodolite was set up at sufficient distance from 
the pile to be unaffected by ground movements, and pile 
settlement under load could be read at each corner, so 
that any tendency to deflect sideways or buckle would 
be seen. Settlements could be estimated to .or inch 
with ease. The pile actually carried 112 tons with a 
total settlement of two inches after 24 hours. 


Piling 
Owing to the possibility of bad weather, the contractor 
elected not to strip the roof of E Block at once, but to 


Fig. 2.—Kentledge and hydraulic jack ready for pile 
loading test 


begin casting concrete piles under cover on the existing 
floor screeded up level. The precast concrete piles were 
14 in. X I4 in. in section having four 14 inch diameter 
main rods and cast in I : 14: 3 concrete. 

Pile driving started from the river front and worked 
northwards. Some 250 precast reinforced concrete 
piles varying in length from 45 to 55 feet were driven 
from late December, 1949, to March, 1950, starting with 
one pile frame, but with a second frame in use during 
January. Fig. 3 shows a view of the site on completion 
of driving. 
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While these piles were being driven, 72 bored pile 
were sunk in F Block to carry the foundations for th 
rolling mills. The bored piles were 17 in. diameter 
reinforced with six # in. diameter main rods and cas 
in I: 14:3 concrete. ‘ 


General Description of Buildings 
The main entrance to the three new shops is on the 


' west elevation at the junction of E and J Blocks. 


<==: 


Fig. 3.—General view of site on completion of piling 


first floor set immediately over the separating wall 
between these blocks houses the lavatories and is shown 
in plan on Fig. 4. 

The south end of J Block comprises part of the river 
elevation and is of three storeys, housing solvents, inks 
and dyes and provides storage, mixing and weighing 
rooms. 

Just to the east is the H.T. switchroom, transformer 
cubicles and L.T. switchroom. On the extreme east is 
the roll grindery. 

It is proposed now to describe each of these sections 
in more detail. 


Block F—Rolling Section 


The foil rolling mills required very extensive pits uf 
to 10 feet deep below floor level, on and over which the 
machinery weighing up to 45 tons per machine was 
mounted. Work started in November, 1949, and some 
seventy-two 17-inch diameter pressure piles were sunk 
to a depth of about 50 feet below existing F Block floor 
level, but the steel and concrete were stopped about 
eight feet below the surface. They were completed in 
two months. 

The choice of a bored type in-situ pile was dictated by 
the necessity to avoid damage to the enclosing structure 
and also by the headroom restriction of the existing roof. 

Light steel trench sheeting was then driven around 
the perimeter of each of the pits. After the sheeting 
had been strutted with timber, the dumpling was 
excavated and the pile heads exposed. Concrete 6 in. 
thick and reinforced with a light fabric was laid on this 
bottom and 4% in. brick walls built up to receive a 
yanking of three-coat asphalt, against which the rein- 
forced concrete walls and bottom were cast. Shuttering 
for the rather complicated internal surface of the pits 
was then constructed under easy conditions. 

As the pits neared completion, work started on the 
existing I4 in. square concrete columns which divided 
the building into three 51 feet bays by 40 feet centres 
north to south. , 

The columns were now required to carry 2-ton travel- 
ling electiic floor operated cranes in each bay, in addition 
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the weight of the existing roof. In order to strengthen 


em and provide brackets for the crane beams and 
ils, their surfaces were hacked back to expose the 
isting rods and a new reinforced surrounding layer 
.st on with the new brackets. 


The finished columns are 
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The method of erection is shown by the diagrams in 
Fig. 6; the stanchions were erected first and were 
followed by the Y-shaped valley section welded in place. 
The centre rafter was composed of 10 in. x 44 in. joist 
with # in. plates intermittently welded top and bottom 


FLOOR PLAN 


+ FIRST 


LAVATORY BLOCK 
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OS ——————— ) Feet 


Fig. 4 


I in. square below the) brackets. As the existing 
olumns were neither truly in line nor were the lines 
ruly parallel, ample pockets were left in the brackets 
o receive ? in. diameter mild steel U bolts bolted 
hrough the bottom flange of the crane beams. These 
vere grouted up when the beams had been levelled and 
et to line. Some of the finished columns with crane 
yeams erected are shown in Fig. 5. 

Most of the existing service pipes hanging from the 
‘oof trusses were taken down, but some of the material 
vas overhauled and re-used where possible, particularly 
init heaters. 


Steelwork for Blocks E and J 


These long single-storey shops were designed as 
to® pitch four 50 feet span welded steel rigid frames. A 
oreliminary analysis was made to arrive at approximate 
sizes of members. This was followed by solving the 
three redundances at the foot of each stanchion by 
means of a model cut from stress-free Perspex approxi- 
mately 1/10 in. thick, with the depth of the model in 
proportion to the moment of inertia of the frame at 
every point. 


Fig. 5.—Existing F Block with columns strengthened 
for cranes 


Although it was known that the moments at the foot 
of each stanchion in the completed structure would be 
small, the bases were treated as fully fixed to help 
during erection, particularly for the method chosen to 
reduce site welding to the minimum. 


STAGE = “i: 


STAGE 2. 


STAGE. .3 


Fig. 6 
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for part of the length, and bolted through 3 in. meeting 
plates at the ridge. 

The two halves of this rafter were bolted together 
and lowered into position and site welded to the valley 
sections on either side. The 8 in. Xx 4 in. joist purlins 
were then bolted on to give stability to the completed 
frames. 

The moments in the outermost legs of the continuous 
frames are comparatively high, and a built-up welded 
member was chosen as being the most economical 
solution. It was made up of a } in. web tapering from 
18 in. down to 1o$ in. at the foot, with 10 in. x ? in. 
flange plates. 

The moments in the internal stanchions due to 
bending in the frames are small, but as it was possible 
for two cranes to lift on either one or both sides of each 
internal stanchion these, under some conditions, would 
carry a load of 43 tons and a maximum moment of 
370 tons inches due to the eccentricity of the crane 
reactions. A IO in. x 10 in. broad-flanged stanchion 
section was found to give the best solution, and this 
gave an ideal width of flange to receive the site fillet 
welds to the 7 in. wide flanges of the upper part of the 
frame. Fig. 7 shows this connection and the welded 
crane bracket. 

A flat-roof section runs along the east side of both 
E and J Blocks. The roof adjoining E Block was at 
high level, and approximately at the valley beam level 
of the main frame. As the self weight of this roof was 
considerable, its eccentricity was taken advantage of to 
reduce the moment in the outer frame leg on this side, 
requiring a section similar to that used internally. 

The roof adjoining J Block, which covers an annealing 
furnace and cooling tunnel was unavoidably lower owing 
to the level of F Block roof which abuts it. The loading 
from it to the main frames was applied too low to give 
the same advantage as in E Block, and these frame legs 
were therefore built-up as in other external positions. 
Fig. 11 shows a typical cross-section through J Block. 

The main frames are at 25 ft. 3 in. centres to suit the 
overall length of the two shops, and each purlin is 
continuous over one frame and connected at about the 


Fig. 7.—Welded rigid steel frames in J Block 


quarter point of the span in order to reduce deflection. 
One bay of the roof is cross-braced in the plain of the 
rafters with 3 in. x 3 in. x $in. angles to provide some 
additional stiffness against wind, although the longi- 
tudinal forces due to crane surge and braking are 
adequately resisted by the crane beams themselves 
and also by valley beams below the gutters. 

The lines of stanchions in E Block occur immediately 
over the existing strip foundations previously men- 
tioned. Since these were about nine feet below floor 
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level at the north end and were a minimum of 2 ft. 6 in 
thick, it was considered more economical to leave ther 
in place, drive piles on each side and straddle them wit 
suitable pile caps. As the bases in J Block were isolated 
and just below floor level, they were broken up where 
necessary and a normal size pile cap was adopted. 

The steelwork in each shop was kept entirely free and 
2 in. clear of brickwork and all other restraint on one side 
and one end, while beams and purlins occurring on the 
other side and end were provided with sliding joints to 


Fig. 8.—New J Block nearing completion 


provide for.all changes of length due to temperature 
variations. 


Canopies of 20 feet overhang are provided over bays 
where goods are to be loaded or unloaded, thus affording | 
reasonable protection from the weather. The cantilever 
arms are of cut and welded 18 in. x 6 in. joist sections 
site welded to the outer main frames. Temporary cleats 
were provided to position these cantilevers while being 
welded to the main frames. A general view of J Block 
nearing completion is shown in Fig. 8. 

The whole of the steelwork is of mild steel to B.S.S. 15 
and the design was made in accordance with C.P. 113. 
All the welded frames and other steelwork were delivered 
to the site unpainted, and after being cleaned were 
painted with one coat of Miraculum red lead filler applied © 
on the site where it could be properly supervised. All 
this steelwork was finally painted two coats of light green 
to suit the general colour scheme. Encased steelwork 
was not painted. 


Roofing, 


The roof sheeting is all of Robertsons’ Protected 
Metal of vee beam section laid direct on 4 in. fibreboard 
lining to a slope of 10°. This is the minimum slope 
recommended for this section, which spans between 
purlins at 6 ft. 9 in. centres. 

The area of glazing is only 12 per cent. of the plan area 
of the roofs of E and J Blocks ; it is provided in the form 
of fixed sheetlights glazed with wired-cast glass. This 
type of.glass diffuses direct rays of sunlight, and the 
intensity of daylight illumination is good and very 
uniform. On an overcast day during November, at 
1.30 p.m., a series of readings taken with a light-meter 
at a level of 3 ft. above floor level gave the intensity of 
daylight as lying between 24 and 27 lumens per square 
foot throughout E and J Blocks. 

The glass area adopted was checked at the design 
stage by means of the D.S.I.R. daylight protractors, and 
this relatively small area of glass represents a correspon- 
dingly small amount of heat loss, which is an extremely 
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portant consideration in any large single-storey 
ilding. 

The flat roofs generally are of hollow precast concrete 
its screeded to falls with a layer of 4 in. insulation 
ard covered by two layers of roofing felt bedded in 
t bitumen and finished with coarse chippings. Lantern 
hts are provided where required, supported on in-situ 
ncrete kerbs. 


Roof Drainage 


In order to avoid internal downpipes and also to avoid 
far as possible breaking up the existing concrete 
ior for drains, large gutters were provided falling 
ghtly to one end of each 250 feet long shop where a 
agle connection was made. Their capacity is sufficient 
hold the equivalent of 4 in. of rainfall over the whole 
the roof area should the 6 in. outlets at any time be 
ocked. 

Each gutter is made up of galvanised $ in. M.S. plate 
ith welded stiffening brackets and bolted connections 
»tween sections, bedded in bitumastic compound. The 
‘oss-section is trapizoidal, with a top dimension of 
ft. 6 in. A walk-way rests on the stiffening plates 
iade up of removable sections of framed expanded 
etal, 14 in. mesh No. 23, which will also serve as a 
1ow arrestor when required. These walk-ways provide 
usy access for all roof maintenance and re-glazing with 
unimum chance of damage to the sheeting. Fig. 9 
1ows a view of the partly-completed roof with gutters 
xed ready to receive the walk-ways. 


Floor Trenches 


Wherever possible the various services running to 
idividual machines, such as steam and condense, 
ompressed air, fresh water and cooling water, are carried 
1 floor trenches of varying size. The walls of these 
renches were built in concrete bricks and fitted with 
oncrete-filled cast iron Elking:on removable trench 


Fig. 9.—Partly completed roofs of E and J Blocks 


overs of a weight sufficient to carry the normal expected 
raffic and occasional heavier point loads. Figs. 5 and 8 
how some of these trenches during construction. 

A system of under-floor ducts constructed with brick 
yalls and reinforced concrete base and top is also 
rovided below J Block to convey air charged with 
olvents drawn from the printing machines to the 
olvent recovery building to be described later. 


Centre Lavatory Block 


In order to provide lavatory accommodation within 
asy reach of all parts of this extension, a two-storey 
ection is introduced at the junction of E and J Blocks. 
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Lavatories sufficient for 250 men and 60 women, and 
cloakrooms for 400 men and 100 women allow for some 
overlap at changes of shifts. Lavatories are also 
provided for supervisory and office staff. 

Also in this area is a test laboratory which is required 
to be as near as possible to the printing machines. 

A double staircase is provided at each end of this 
section with a corridor running the length of both sides. 
This serves the dual purpose of giving access to the 
various lavatories and also directing the movements of 
personnel off the factory floor. The floors and walls up 
to five feet height of these rooms and corridors are 
finished in terrazzo, except for the cloakrooms and 
laboratory, which have wood-block floors. 


Fig. 10.—South elevation of solvent recovery building 


Five washing fountains 52 in. diameter are provided 
in the men’s lavatory as being most suitable and easily 
kept clean, but wash-basins have been provided else- 
where. 

Two drinking fountains are installed in both the men’s 
and women’s lavatories, although several others have 
been provided on the floor of the shops. The lay-out 
of these lavatories is shown in Fig. 4. 


River Front 


The south end of J Block ends with a three-storey 
building facing the river. The top floor contains tanks 
for oils and solvents supported on open steel bearers 
over a reinforced concrete sub-floor and walls which 
form a tank designed to catch these liquids in an emer- 
gency. 

The floors below are for storage and the wet and dry 
mixing of inks. 

To the east of this three-storey building is the H.T. 
room, followed by cubicles for six oil-filled 750 kVA 
transformers, and room for future expansion. Each 
transformer stands over an area laid to falls and drained 
away to a concrete pit, so that in the event of fire, the 
burning oil may be damped and quickly removed to a 
safe distance. Behind the transformer cubicles is the 
L.T. distribution and switchroom, and at the extreme 
south-east of the site, i.e., south of F Block, is the 
roll grindery, where the rolls used in the foil rolling mills 
are re-ground after wear or damage. 


Ancillary Buildings 


A lofty single-storey building to the south-west of the 
site houses absorbers and fractionating still for the 
recovery of solvents. 
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As previously mentioned, the air extracted by hoods 
over the printing machines is drawn along a system of 
ducts below the floor of J Block and into this recovery 
building, which is shown in Fig. 10 nearing completion. 

After the various solvents have been recovered and 
separated, they are pumped back underground and up 
to the tanks in the three-storey block from which they 
gravitate for re-use. 

The structure consists of frames of I5 in. < 5 In. 
joists welded together and pin-jointed at their base. 
The span is 46 feet and height to ridge 32 feet. The roof 
is also of 10° pitch and sheeted with Robertsons’ Pro- 
tected Metal, but is not lined, as no heating is provided 
in the building other than that given off by various 
items of steam-consuming plant. 

One other small building, sited just north of the last, 
is to contain nitro-cellulose in steel drums. These are 
off-loaded at one end of the building and stored on 
inclined racks, where they are allowed to roll down an 
easy slope to the despatch end. The object of their 
being stored on inclined racks is to ensure that all 
drums in a line rotate when the lowest of them is with- 
drawn, so ensuring that the contents remain uniformly 
moist. 

The structure of this building consists of frames of 
Io in. X 5 in. joists welded together. The roof is 
sheeted with Robertsons’ Protected Metal, and in this 
case is lined with 4 in. insulation board immediately 
below the sheeting to reduce the internal temperature 
during hot weather. 


Drains 


Before the present extension, the whole of the factory 
soil and surface water was emptied into a sewer running 
along North Woolwich Road. Since this sewer is 
already heavily overloaded, it was decided to separate 
soil and surface water into two systems in the new 
work, and to discharge as much as possible of the 
surface water into the River Thames. 

To achieve this, it has been necessary to discharge at 
five points under the deck level of the existing jetty 
through tidal flap valves. 

The whole of the soil drains connect to the existing 
combined system. 


Roads and Footpaths 


The entire road surface at the south end of the site 
has been relaid. The sub-soil is poor and variable, and a 
minimum of 12 in. of rolled hardcore has been used. 
Some of the softer spots were given 3 in. of ashes before 
the hardcore was laid, but reliance was placed on well 
rolling with a 1o-ton roller until a stable surface was 
obtained. A  semi-flexible surface of asphalt with 
granite chippings was then laid. 

All underground services have been run under the 
footpaths as far as possible, with the exception of the 
incoming H.T. cables. A layer of ashes well rolled 
formed the base on which were laid 2 in. compressed 
concrete slabs to form paths against 10 in. x 5 in. 
precast concrete kerbs. 

Wherever possible flower beds will be laid out, and 
provision has been made for a future tennis-court. 


Heating, 


Steam at 100 Ib./sq. inch serves: the new factory 
extension for all process and heating purposes. The 
steam is generated in the existing boiler plant, com- 
prising two Lancashires and two Babcock water-tube 
boilers. 

Heating in the three main blocks is dealt with by a 
combined system of steam unit heaters and fresh air 
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itilation. The unit heaters are of the re-circulating 
e mounted horizontally above the cranes and are 
rable of making good all the heat losses through the 
Iding fabric. The units are thermostatically con- 
led in groups to maintain a shop temperature of 
F. in the working plane. 

[he method of ventilating is by means of air ducts 
unted above the cranes for the length of each bay 
1 fitted with special diffuser type outlets which spread 
: air evenly over the working plane. Centrifugal type 
is draw the outside air through filter banks and 
iver it through steam heating batteries to the diffuser 
tlets. Fresh air is delivered to the shops at a tem- 
ature of 70°F. in sufficient quantity to maintain a 
e of ventilation of 14 complete changes per hour 
is the air which is exhausted from the various fume 
noval systems. 

The area under the flat roof on the east of J Block 
uses an annealing furnace and cooling tunnel and 
yarate air intake and extraction is provided. Hot air 
awn from this area is returned to the main ventilating 
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intensity of 15 lumens per square foot in the shops on a 
working plane three feet above floor level, but increased 
to 20 lumens per square foot for special areas where 
colour matching is carried out. 


Road lighting is by mercury discharge lamps of 
25 feet mounting height to give an equivalent of Class A 
road lighting. 


Conclusions 


The work started towards the end of October, 1949, 
and finished in January, 1951, with a labour force 
which worked up to, and remained fairly constant at 
150. This was about a month beyond the anticipated 
completion date, but quite a considerable amount of 
work had been completed which was additional to the 
original contract. 


The total value of the works described is well under 
£400,000, of which the electrical installation accounts 
for some 25 per cent. of the total cost and the mechanical 
services about I5 per cent. 
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rstems and re-circulated during the winter months, 
yus saving a considerable quantity of steam. 

‘In the centre lavatory block and various small offices 
zating is by means of low pressure steam-heated 
mvectors and coils. The cloakrooms have steam coils 
ranged under the clothes racks for drying purposes 
ad the moisture-laden air is exhausted through the roof. 


Electricity Supply 


Electricity is brought into the meter and main switch- 
0m at the north end of the site at a pressure of 11,000 
olts. Six 750 kVA transformers step this down to 
5 volts, which is distributed through the L.T. switch 
nd protective gear to the various sections. 

The system of distribution is by paper-insulated 
luminium sheathed cables for all 415 volts 3-phase 
tvices. Screwed conduit, of a minimum diameter of 
in., is used for all 240 volts single-phase circuits, while 
ll circuits below 240 volts are in 3 in. conduits. 

Flameproof fittings and gear have been used in places 
f special fire risk, such as those where solvents are 
eing handled. The present connected load is 5,100 kVA. 


Lighting 
All internal artificial lighting is by 5 feet fluorescent 
ibes, generally in pairs calculated to give a lighting 
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Building on Fill with Special Reference : 
to the Settlement of a Large Factory” 


By G. G. Meyerhof, Ph.D., M.Sc.(Eng.) F.G.S., A.M.I.C.E., A.M.1.Struct.E. 


Synopsis 

The factors to be considered in constructing fills for 
building purposes are briefly discussed, and the behaviour 
of fills in service is studied to obtain some information 
on the changes in strength and deformation with age 
and under the imposed loads. Settlement observations 
show that on well-compacted materials buildings can be 
constructed immediately after completion of the fill. 
For fills consolidating under their own weight a time 
interval of two years may generally be taken as a lower 
limit. Even after a long period of consolidation of 
poorly compacted materials special foundations or 
structural precautions will have to be used for larger 
structures so that a long time interval is of doubtful 
benefit, as illustrated by the settlement of an extensive 
factory on a mixed fill. The movements of its founda- 
tions and damage to the structure are discussed in 
relation to the structural and soil conditions. A site 
exploration and soil tests on the fill and underlying 
natural ground have been carried out for an estimate 
of the probable movements of the floor slab, and fair 
agreement with the observations has been obtained. A 
similar estimate for the piles carrying the superstructure 
indicates that plastic flow of the clay must have taken 
place and was aggravated by the drag from the con- 
solidating fill. In conclusion, the design of foundations 
for buildings on fills is briefly considered. 


1. Introduction 


In industrial areas suitable building sites are becoming 
more difficult to find, so that the construction of build- 
ings on fill or made-up ground is assuming greater 
importance. The control exercised in filling waste 
ground has, in the past, been insufficient to ensure an 
adequate and uniform support for structures immediately 
after completion of the filling. A time interval had, 
therefore, to be allowed between fillmg and building 
operations to enable the material to consolidate under 
its own weight. Although this procedure reduces 
subsequent movements due to the foundation load, and 
usually keeps these within tolerable limits in the case 
of small and lightly loaded buildings, it is likely to be 
inadequate for larger and more heavily loaded struc- 
tures, which may produce substantial settlements, as 
shown later. 


Before constructing buildings on an existing fill or 
made-up ground it is, therefore, necessary to assess its 
suitability for the support of the proposed structure by 
means of a site exploration and laboratory tests on 
samples to determine the properties of the fill and under- 
lying natural ground. On the basis of this investigation 
it can be ascertained whether any subsequent treatment 
of the material, special foundations or structural pre- 
cautions are required. Most, if not all, of these special 
precautions can be avoided by a careful selection of the 
materials and by the use of modern compaction tech- 
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niques during placing of new fills so that they will 
provide a satisfactory support immediately after com 
pletion, and as good as virgin ground. This procedure 
has been used in the construction of embankments for 
roads and of subgrades for flexible and rigid pavements 
for some time, but experience in the controlled placing 
of fills for building purposes is very limited at present 
and only general principles can be indicated. 


Still less information exists on the behaviour of 
after construction and on the changes in strength an 
deformation with age and under the imposed loads. A 
summary of the principal published observations o1 
fills in service is, therefore, given below with a brief 
analysis of the data. This is followed by the result 
of an investigation of the settlement of an extensi 
factory building on fill, which illustrates the mai 
factors to be taken into account in the design of founda- 
tions for structures on this type of ground. 1 


2. Construction of Fills . 


The general principles governing the construction of 
new fill or the investigation of an existing one for sub 
quent support of structures have been considered in a 
recent digest of the Building Research Station (1949 
and a report of the Institution of Structural Enginee 
(1942). The main factors involved are the nature o 
the materials and the method of placing of the fill, am 
the strength and deformation characteristics of the fi 
and underlying natural ground. 


The materials used for fills may be divided int 
excavated natural deposits, such as mine and qua 
wastes and all types of soil, and industrial and domestic 
wastes, such as ashes, slag, clinker, chemical wast 
building rubble and refuse. Materials of the first grow 
are frequently satisfactory, particularly when properly 
compacted, but those of the second group are likely t 
give a variable support and should generally be avoide 
especially if liable to decomposition or combustion 
End or side tipping of the materials in thick layers, eve 
where followed by rolling, usually results in low densiti 
and an unsatisfactory support. But by disposing the 
material in a selected manner, spreading it uniformly 
in thin layers and compacting it properly at a controlled 
moisture content by heavy construction equipment or 
special plant (Markwick 1945, Williams and Maclean 
1950), a high density is produced. 


A broad assessment of the strength and deformation 
characteristics of a fill can be obtained by its density. 
Thus the bearing capacity of a loose granular material 
may be less than one-quarter of that of the same material 
in the dense state while the corresponding settlement 
may be nearly twice as large (Meyerhof 1950) ; vibration 
would considerably increase the latter ratio. Similar 
results may be obtained for the bearing capacity and 
settlement of cohesive materials, which also weaken 
much less due to entry of water when properly com- 
pacted (Skempton 1946). In general the support 
afforded to foundations is likely to be inadequate if the 
density of a cohesionless fill is less than go per cent. of 
the maximum value given by the standard compaction 
test, and in-situ compaction or stabilisation is then 
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uired. For cohesive material a somewhat higher 
sree of compaction may be necessary. But until the 
ution between the degree of compaction and the 
ysical properties of materials is known, it is necessary 
obtain undisturbed samples for laboratory tests to 
‘ermine the bearing capacity and probable settlement 
foundations on fill. Such an investigation must also 
lude the underlying natural ground so that the overall 
bility and the deformation of the whole construction 
1 be ascertained. 


3. Behaviour of Fills in Practice 


A fill has always been expected to settle under its 
‘mn weight and an allowance was made varying with 
2 type of material used from 23 per cent. of the 
ight for rock fills, 5 per cent. for sandy material to 
out Io per cent. of the height for cohesive fills. The 
te of movement decreases gradually with time and an 
preciable period was anticipated before such move- 
ants would decrease to within tolerable limits for 
alding foundations. A stirvey of present practice 
s shown that this interval commonly varies from 
to 20 years and is rarely less than five or more than 
' years. Although these restrictions are based on 
tal experience, they are not always related to the 
tual state of the fill and underlying ground both of 
hich vary within very wide limits. Thus buildings 
e reported to have been damaged on loosely tipped 
ay after over 50 years of previous natural consolidation 
as allowed, while in other cases where granular mater- 
Is were used a few years’ consolidation was found to 
» adequate. At the same time the allowable bearing 
‘essures were found to vary from ¢ to ? t./ft.? according 
» the consolidation found on inspection, but generally 
| Maximum bearing pressure of $ t./ft.2 is specified 
wether with a reinforced concrete raft foundation. 
he following summary of observations of fills in service 
idicates that the above restrictions are frequently 
ither conservative. 


3.1. Excavated Natural Deposits 
(a) Coarse-grained Soils 


_ Where well-graded materials are available and a high 
egree of compaction is used (within a few per cent. of 
he maximum density of ‘the standard compaction 
est) as is common with earth dams, the settlement of 
lis can be reduced to the minimum and an allowance 
f I to 2 per cent. of their height has been suggested as 
dequate exclusive of any settlement of the foundation 
trata (Justin, Hinds and Creager 1945). Extensive 
ibservations of rock fills with dry densities from 100 to 
To lb./ft.* gave settlements varying from 3 per cent. 
o less than 2 per cent. of the height after tive years 
Steele 1942), while for rolled fills the corresponding 
novement rarely exceeded $ per cent. unless the material 
vas uncompacted, when at least four times greater 
ettlements were observed (Plummer and Dore 1940) 
Fig. 1). In most cases the larger portion of the move- 
nents occurred during the first two years after con- 
truction of the fill at a rapidly reducing rate and the 
ettlements beyond five years were generally very small. 


The high degree of compaction which can be obtained 
vith well-graded gravel may be illustrated by the 
onstruction of the subgrade for the London airport 
t Heathrow, where a pond and number of gravel pits 
ip to 22 ft. deep were drained, cleaned and then filled 
vith gravel in 12 in. loose layers compacted by rolling 
t the optimum moisture content to a dry density of 
30 to 140 lb./ft.*. This compared well with the density 
f the virgin soil of the order of 135 lb./ft.*, and no 
* 
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settlements of the concrete runways constructed very 
soon after the filling have been observed after four 
years (Murdock 1950). 


(b) Fine-grained Soils 

The only published settlement records of clay and 
chalk fills appear to be those given by Markwick (1946) 
and Lewis (1947). Although the observations were 
begun only one to two years after completion of the fills 
when considerable settlements must have occurred, they 
show the beneficial effect of good compaction, which is 
essential if fine-grained materials are to be used for 
the support of structures. The recorded settlements 
of these clay embankments after five to seven years 
placed on solid. chalk in 2 to 3 ft. layers and lightly 
compacted by lorries and other construction equipment 
amounted from I to 2 per cent. of the height of the fill, 
while for sites where the material had been placed and 
compacted in thin layers using heavier equipment such 
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Fig. 1.—Observed settlement of fills 


as scrapers and tractors the movement was reduced to 
0.2 to 0.5 per cent. or one-quarter of the above amount. 

Similarly, after five to seven years the settlement of 
the chalk embankments placed on solid chalk generally 
in 3 ft. layers and lightly compacted varied from 3 to 
I per cent., which was decreased to about one-third of 
that amount by better compaction such as spreading 
and rolling in 6 in. layers by bulldozers. About one- 
half of these movements, which were found to be 
roughly proportional to the height of the fill, occurred 
during the first one to two years, the rate decreasing 
with time (Fig. 1). It is of interest to note that where 
differential settlements exceeded about 4 in. in 25 ft. 
length, cracking of the concrete slabs was usually 
observed. 

With a high degree of compaction the above move- 
ments can be considerably reduced. This is shown by 
the construction of a large clay fill up to 23 ft. high and 
deep cuts on a very extensive site for an atcmic plant 
in U.S.A. (Watson and Bradley 1945). The fill was 
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carried out in 6 in. layers near the optimum moisture 
content and thoroughly compacted by rollers to a dry 
density of 874 lb./ft.8, which even slightly exceeded the 
value of 864 lb./ft.* of the undisturbed soil in borrow 
pits and cut areas. No settlement had been discovered 
two years after construction of the plant, which con- 
sisted of three-storey reinforced concrete and steel- 
framed buildings with a basement and an allowable 
bearing pressure of 24 t./ft.®. 


(c) Hydraulic Sand Fills 


To obviate excavation in a very thick bed of loose 
fine sand with a ground water table near the surface the 
foundations of a large rolling mill in Cheshire were 
constructed from marsh level upwards and subsequently 
embedded by raising the whole level of the ground by a 
hydraulic sand fill 16 ft. thick (Faber 1944). This fine 
to medium sand was obtained by suction dredging from 
the adjacent river and placed in two layers of about 
8 ft. each with time to consolidate the first layer before 
the second one was deposited. While the structure 
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Fig. 2.—Plan of site, showing positions of bore holes and details of floor loading 


and plant were supported by piles, the ground floor 
rested on the fill and its settlement was said to have 
been small. Quite recently a soil exploration was 
carried out on an adjacent site for a new steel works 
and the dry density of the hydraulic sand fill was found 
to vary from 94 lb./ft.* at the surface to 98 lb./ft.* near 
the bottom of the fill corresponding to a fairly compact 
state. The lower limit was similar to that obtained 
in the laboratory after allowing the sand to settle in 
water. Field loading tests on the material in its normal 
moist condition gave an ultimate bearing capacity of 
15 t./ft.2 so that the new works can be constructed on 
shallow foundations. 

Higher and more uniform densities throughout the 
thickness of hydraulic fills can be obtained if the material 
is placed and compacted in thin layers. This was done 
at the site of a new steel works in Wales where about 
10 ft. of material was placed on mixed soils containing 
a layer of peat (Lumbard and Wright 1950). The filling 
consisted of a uniform medium dune sand and hard fill 
from a slag heap. Laboratory tests carried out at the 
Building Research Station on the sand showed that its 


equipment available. The buildings and plant were 
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critical density, which should be considered as the 
minimum requirement for granular fills, was 96% lb./ft.* 
and that by pumping the filling a value of 98% Ib./ft.! 
could be obtained representing 95 per cent. of the 
maximum dry density. Measurements in the field 
showed that this degree of compaction could readily 
be obtained by placing the sand hydraulically in 18 te 
24 in. layers, covering it with 6 to 12 in. of slag and ther 
compacting it by routed traffic of the heavy construction 


supported by piles except for a large brick store which 
rested on the fill with a bearing pressure of about 4 t./ft.%, 
A portion of it was constructed six months after placing 
the fill and practically the whole of the observed moye- 
ments could be accounted for by consolidation of the 
underlying soil, thus indicating that any settlement i 
the fill was very small (Murdock 1950). 


(d) Hydraulic Clay Fill 
When a hydraulic fill is made of fine-grained material 
the settlements are large and continue for a long period 
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of time. Although without additional compaction such 
fills are unsuitable for buildings, they have been suc- 
cessful for other civil engineering works. Thus the 
new Boston airport has been built on a 15 to 25 ft. high 
fill consisting of blue clay dredged hydraulically from 
adjacent harbour areas and deposited on an up to 
100 ft. thick bed of the same pre-consolidated firm to 
soft clay (Casagrande 1949). The fill, which was found 
to consist of balls of firm clay varying from pebble to 
head size and embedded in a matrix of semi-fluid clay, 
was deposited partly continuously for its full depth 
in a few days and partly in stages over a period up to 
one month, About a day after placing when the material 
had adjusted itself and consolidated by about 6 in., 
the dry density is estimated to have been of the order 
of 75 lb./ft.? compared with the original density and 
that of the foundation clay of nearly 85 lb./ft.* (Gould 
1949). 

The average settlement observed during the subse- 
quent 2} years of natural consolidation is, given in 
Fig. I expressed as a percentage of the average height 
of the fill as before. About one-third of the movement 
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is due to the consolidation of the underlying very soft 
silt-clay while that of the foundation clay is very small 
by comparison. It will be noted that most of the 
settlement developed during the first year after placing 
of the fill and that after about two years the rate of 
movement was relatively small. Subsequent observa- 
tions of the runways indicated the beneficial effect which 
is obtained by preloading the fill for one to two years 
depending on the weight of the ballast ; the efficiency of 
this method can be increased considerably by providing 
deep drainage to accelerate the consolidation. 


3.2. Industrial and Domestic Wastes 
(a) Ashes 


At Flushing Meadow Park, New York, ashes from the 
city had been dumped for some 30 years to various 
heights up to 125 ft. on very soft silt and clay, which 
had been consolidated and displaced to such an extent 
that the fill penetrated up to 4o ft. below the original 
ground surface (Foster and Glick 1938). A few tests 
were carried out on the fill indicating that its dry 
density varied from about 55 lb./ft.? near the surface 
to about 75 lb./ft.* at a depth of 40 ft., which was of the 
same order as that found by tamping or by compaction 
under road traffic (Freeman 1936). From these densi- 
ties the corresponding settlement at the surface is 
estimated to have been about 10 per cent. of the height 
of the fill and could have been largely avoided by the 
compaction mentioned. 


In the preparation of this site for the World’s Fair, 
1939, the ash piles were levelled and the material spread 
and compacted in the low areas up to a height of Io ft. 
with a dry density of about 80 lb./ft.8. Where the fill 
had been in place many years, only very small move- 
ments were recorded while in the newly-filled areas the 
settlements were up to 14 in. per month during the 
early stages, mainly due to consolidation of the under- 
lying soil. Field loading tests indicated an ultimate 
bearing capacity of the ash of about 1 t./ft.2 so that 
bearing pressures up to 4 t./ft.2 were allowed largely 
in view of the temporary nature of most of the buildings. 
They were generally of light steel frame construction 
sufficiently flexible to permit differential movements. 
In one of the more important structures provision was 
made to enable the columns to be jacked up in case of 
excessive differential settlements. During the first six 
months after completion of the larger buildings total 
settlements varying from I to nearly 6 in. were recorded 
with differential movements between adjacent columns 
up to about 1 in., which in the worst cases required 
correction by jacking up to avoid excessive secondary 
stresses in the steel frame. Some of the buildings, 
especially those with long span roofs or heavy loading, 
and all permanent structures, were supported by long 
timber piles with the ground floor resting on the fill, or 
on pile foundations in areas where large settlements 
were expected. The services were arranged in common 
trenches in the fill; where the soil was soft they rested 
on grillages supported by piles. 


(b) Mixed Wastes 


At a building site in Kent mixed wastes from a 
railway engineering works (mainly ashes, clinker and 
brick rubble) were tipped in an old gravel pit up to 
25 ft. deep, the loose dry density being about 70 lb./ft,*. 
After some 10 years’ natural consolidation the density 
at a depth of 3 to 6 ft. below the surface varied from 
less than 80 to about 100 Ib./ft.* compared with the 
maximum standard compaction test value of 112 lb./ft.*. 
In view of the low relative compaction and variability 


50 


of the fill it was suggested that the site would only be 
suitable for independent bungalows on_ reinforced 
concrete strip or raft foundations. 


(c) Refuse 


Several extensive and unusable and low-lying areas 
in New York have recently been filled with mixed 
industrial and domestic refuse about one-half of which 
by weight was ashes and the remainder paper, garbage, 
etc., from which all tins and other metal had been 
salvaged to aid compaction (Ehassen 1942). The 
material had been spread and compacted in layers by 
heavy bulldozers and lorries to a height up to 20 ft. so 
that its original weight of 15 lb./ft.* was increased to 
50 |lb./ft.%. During the subsequent consolidation under 
its own weight and of the underlying ground a large 
number of settlement observations were taken. Their 
mean result (Fig. 1) indicates that most of the move- 
ment occurred during the first few years. Experience 
showed that after two years the surface as a whole was 
relatively stable and subsequent settlement was small 
and fairly uniform over the whole area. On the other 
hand loading tests up to 4 t./ft.* carried out at various 
intervals of time indicated that the compression modulus 
increased for a considerably longer period. On the basis 
of these results raft and wide strip foundations with 
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bearing pressures up to I t./ft.? after two years of con- 
solidation have been recommended with relatively 
small and fairly uniform settlements. 


3.3 Analysis of Settlement of Fills 


The various settlement-time curves of fills (Fig. 1) 
show that the rate of movement decreases rapidly with 
time. Within the period of observations the largest 
portion of the settlement takes place during the first year 
after placing of the fill, and beyond two years the 
movement is relatively small. A time interval of two 
years may, therefore, be taken as the lower limit before 
buildings are constructed on fills consolidating under 
their own weight. If the fill is of such a nature that 
substantial movements continue for a very long time, 
then special foundations will probably be necessary in 
any case and the sterilisation of the ground for long 
periods would not appear to be justified. When fills 
are well compacted in thin layers, however, there 
appears to be no reason why building could not start 
immediately after completion of the fill. 

The results of loading tests show that the bearing 
cazacity of fills varies within wide limits, and settlement 
observations on structures indicate that a bearing 
pressure of } t./ft. is very conservative except on poorly 
compacted fine-grained soils and on industrial or 


- that if well compacted they differ little if at all from 
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domestic wastes consolidating under their own weight. 
For well-compacted soils the bearing capacity cus- 
tomary for similar virgin ground can safely be taken ip 
practice while the safe pressure on well compacted 


wastes is best determined from tests. 


4. Investigation of the Settlement of an Extensive 
Factory Building on Fill 


Since the above review of the behaviour of fills showed 


similar virgin ground, the design of satisfactory founda 
tions can be based on standard methods. For poorly 
compacted fills, however, and those which have been 
allowed to consolidate under their own weight special 
foundations and structural precautions are required 
In the absence of such measures serious damage to 
buildings can occur, which may be illustrated by the 
settlement of an extensive factory building on aa 
This investigation has also provided some evidence that 
soil mechanics principles can be applied to problems of 
foundations on poor filling for which experience is as 
yet very limited. The factory concerned is in an area 
in North-West London where free end tipping of indus- 
trial and domestic waste products has been in progress 
since the middle of the last century and is still continuing. 
The bulk of the fill covering the site was placed before 


Fig. 4.—Settlement of floor slab (at end of 1947) 


1g14, and the remainder during the following few years. 
The fill had then been left to consolidate under its own 
weight for about 20 years when the construction of the 
works began in 1937. Soon after completion of the 
factory, cracking of the floors and walls was noticeable. 
Substantial maintenance had been required since I94I, 
when some boiler plant had also to be rebuilt and under- 


pinned by piles. : 


Progressive cracking of the buildings and distortion 
of the plant became so serious that in 1947 consulting 
engineers were called in to make a survey of the struc 
tural movements and damage and to advise on remedial 
measures. On the result of this survey it was decided 
among other things to underpin some plant which was 
very sensitive to differential settlement. Since bored 
piles were to be used for this operation, the composition 
and thickness of the fill could readily be ascertained. 
Further exploration was carried out by the Building 
Research Station to obtain samples of the fill and under: 
lying natural soil for laboratory tests. On the basis 0} 
this investigation an estimate of the stability an¢ 
probable settlement of the foundations since thei 
construction was made for cemparison with the present 
observations. 
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4.1. Site Conditions and Foundation Movements 
(a) Site and Structure 


A general plan of the site of the works is given in 
Fig. 2. The original level of the (underlying) ground 
varied from about 95 ft. O.D. in the North to about 
70 ft. O.D. in the South, representing a slope of about 
I in 35. The site, which was underlain by London clay, 
had been filled with a mixture of industrial and some 
domestic refuse to a constant height at somewhat over 
100 ft. O.D. The fill had consolidated to this level 
when the factory was built and increased thus in thick- 
ness from the North to South (Fig. 3). 

The factory buildings consist mainly of single-storey 
steel frames, except at the extreme North and South 
ends where two-storey office blocks are located. The 
frames are spaced at 20 ft. centres and rest generally on 
134 in. dia. bored piles which increase in length from 
North to South and extend through the fill for some 
5 to 15 ft. into the underlying natural ground. While 
the cavity brick walls are carried by reinforced concrete 
wall beams spanning between the piles, the 6 in. thick 
reinforced concrete floor slab is usually resting directly 
on the surface of the fill. This does not apply to two 
small areas in the northern portion of the main building 
where basements are provided and an area in the 
southern portion below which passes a subway carrying 


Fig. 5.—Settlement of piles (at end of 1947) 
Settlement contours in inches 
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some water mains ; these areas extend to various depths 
in the underlying clay as shown in the longitudinal 
section through the main building (Fig. 3). 


(b) Floor Movements and Damage 


Apart from some boilers which had recently to be 
underpinned by bored piles, the whole of the plant is 


resting on the floor slab, which also supports consider-. 


able quantities of manufactured products. This heavy 
loading (indicated in Fig. 2) led to substantial move- 
ments of the floor as shown by the settlement contours 
at the end of 1947 in relation to the original floor level 
bf about 100.5 ft. O.D. (Fig. 4). The settlement 
increases from somewhat less than 3 in. at the northern 
end, where the loading and thickness of the fill are 
relatively small, to about 15 in. at the southern end 
where both are fairly large. Superimposed on this 
xeneral settlement distribution are the effects of varia- 
ticns in loading conditions and soil properties. Thus 
heavy plant, vibrating machinery and possibly also 
higher temperatures below boilers and drying plant 
have increased the settlements locally by dishing of 
the floor ; this is particularly severe in the boiler house, 
where movements exceeding 16 in. have been recorded. 
On the other hand the presence of basements and sub- 
way resting on the natural soil have reduced the general 
movements in their neighbourhood, as would be expected. 
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In addition, local non-uniformity of the compressibility 
and thickness of the fill has modified the settlement 
distribution further, particularly in the south-eastern 
portion ; as the eastern side of the floor has generally 
settled more than the western side, it would appear 
that the thickness of the fill tends to increase in that 
direction. 


The pattern of the cracks in the floor slab reflects the 
variations of its settlement and most of the cracks run, 
therefore, in the East-West direction. This tendency 
is modified, as before, by the effects of heavy plant and 
the variability of structural and ground support, 
especially around the piles along the Southern basement 
and subway ; here large differential movements have 
led to extensive local cracking. The width of the 
cracks varies from fine hair cracks to about 6 in. in the 
worst case, and the relative displacement of adjacent 
slab levels is-up to 6 in. in the vertical direction. 


(c) Pile Movements and Damage to Structure 


Although the brick walls of the factory are not 
carried by the fill but by wall beams supported on piles, 
large settlements have occurred. The absolute settle- 
ment of the piles cannot be ascertained accurately 
since the original beam levels are not known and the 
levelling survey had, therefore, to be carried out in 


relation to two groups of reference piles on the side 
walls. From the observed absolute levels of the sill 
and floor, and the differential movements between floor 
and walls and between floor and piles where the latter 
are known to be very small (as in the northern portion 
and over the subway) the reference piles appear to have 
settled about 4in. On this basis the settlement contours 
of the piles at the end of 1947 have been obtained 
(Fig. 5) and indicate a variation of settlement from 
rather less than 4 in. in the northern portion to about 
12 in. at the southern wall of the main building. These 
large movements show that the bearing capacity of the 
piles must have been exceeded in most if not all cases. 
Comparison of the distribution of flcor and pile settle- 
ment shows a striking similarity, which indicates that 
the filling had an appreciable effect by dragging on the 
piles and consolidating the underlying clay. Owing to 
the arching action, however, the local variations of 
loading, ground support and properties are less important 
than before and only the main trends are reproduced. 


The large movement of the piles is accompanied by 
considerable differential settlements between walls and 
floor and between the piles themselves. The former 
could be noticed along the inside of the walls where the 
original floor level was shown on the brickwork, and the 
damp-proof course was frequently exposed above the 
present slab level (Fig. 6), and usually the outside 
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pavement was also similarly displaced. The differential 
movement of the piles has led to appreciable cracking 
of the outside walls ; this is generally due to excessive 
shearing (diagonal tension) stresses and occurs, there- 
fore, in a diagonal direction and is accompanied by 


Fig. 6.—Differential settlement between floor and wall 


local bulging of the walls (Fig. 7). Where heavy plant 
causes high local loading, bending stresses predominate 
and result in vertical cracks which sometimes pass along 
the encased columns as at the boiler house. The cracks, 
which at the worst places were nearly 2 in. wide, and 
distortion of the walls was particularly severe at sections 


Fig. 7.—Typical damage of wall 


of variable height and support, especially in the neigh- 
bourhood of the basements and subway, where the 
building and slabs had been warped considerably 
(Fig. 8). This warping was accompanied by horizontal 
movement of the walls; the East wall has moved 
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outward at its top by an average of $ in. with a maxi- 
mum of 23 in., while the top of the West wall has moved 
inward by nearly the same amount. Apart from causing — 
large displacements of the roof supports up to 6 in. and 
of gantry rails due to lack of bracing, the wall move- 
ments have resulted in deleterious cracking at lintel 
bearings. 

Beyond the south-eastern corner of the site where 
the fill ends in a 30 ft. high free slope at about 1: 14 a 
canal runs over the road in an aqueduct (Fig. 2). The 
main structure is supported on natural ground and the 
approach wing walls on the filling of the canal bank. 
Although the aqueduct was built about 70 years after 
construction of the bank, further consolidation of the 
material displaced the walls to such an extent that gaps 
of about 6 in. at the top and 3 in. at the bottom were 
formed between the approach and main parapets. The 
joints had recently been grouted, but new cracks were 
observed soon afterwards, showing that consolidation 
is still progressing (Fig. 9). 


4.2. Soil Investigation 


A site exploration was carried out to determine the 
thickness of the fill and bore holes were sunk (Fig. 3) to 


Fig. 8.—Distortion of building and pavement by 
variable support 


obtain samples of the fill and underlying soil for labora- 
tory determination of their index properties, strengtii 
and consolidation characteristics. 


(a) Index Properties 


The filling was found to consist of industrial wastes, — 
mainly ashes with some broken bricks and domestic 
refuse ; no chemical wastes, clinker or slag were detected. 
The material had a crumb structure and was well graded | 
from about 14 cm. ($in.) down to .oor mm. (Fig. 10) ; it — 
had a plastic limit of about 30 per cent. and a mean 
specific gravity of 2.25. The organic matter and 
carbonates did not exceed about 8 per cent. each, and — 
since the combustible content was about Io per cent., — 
there appears to be little possibility of internal com-_ 
bustion in this case. This is supported by temperature | 
measurements in the fill at varicus depths which indicate 
that the temperature was generally 60 to 70°F. except . 
near the drier, where 90°F. was reached. : 

The natural water content of the fill varied in the two | 
main bore holes between 30 and 70 per cent., but was 
fairly consistent in the underlying firm brown London 
clay, near whose interface the ground water level was 
found (Fig. 11). In spite of this variation, the degree 
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f saturation was similar in the two holes and increased an average value of 25° may be taken as representative. 
rom about 70 per cent. at a few feet below the surface The modulus of instantaneous compression varied 
0 full saturation at the bottom of the fill. The wet considerably from the mean of 50 t./ft.? due to differences 
nd dry densities also increased with depth of the over- in the material. Unconfined compression tests on the 
urden, as would be expected. The dry density near brown London clay gave an average shear strength of 


he surface of the fill was only slightly greater than the Ou5y) Byles: 

ainimum value obtained in the laboratory by loose 

uring of the material. Even near the base of the fill (c) Consolidation Tests 
he maximum dry density was only about 75 per cent. 
f that obtained by the standard compaction test 
95 lb./ft.* with an optimum moisture content of about 
oO per cent.). The natural field compaction must thus 
e regarded as very poor and insufficient by present 
tandards. 

Within the depth of exploration the natural water 
ontent of the prown London clay did not vary much 
rom the average of 25 per cent. ; the plastic and liquid 
mits were found to be 21 and 54 per cent. respectively. 


Consolidation tests were carried out on two samples 
of the fill, one from the middle and the other from the 
base, and on two samples of the firm brown clay. The 
fill was tested at the natural water content and at the 
actual degree of saturation which varied from 50 to 
70 per cent. at the beginning of the test. Consolidation- 
time curves for effective pressures of } to 2 t./ft.2 show 
that the degree of consolidation is directly proportional 
to the logarithm of the time. Even at later stages and 
higher pressures when the degree of saturation was 
slightly above 80 per cent. no primary consolidation 


OM ABE) SOS was found and secondary compression occurred through- 


Undrained triaxial compression tests were carried out out the period of test due to frictional lag between the 
n some samples of the fill under a small lateral pressure particles. For complete saturation, however, the con- 
9 that the density of the samples was not changed solidation-time relation is likely to be similar to that for a 


typical test on the clay. While a coefficient of con- 
solidation of the fill cannot, therefore, be determined, 
the initial rates correspond to a coefficient of the order 
of 1000 ft.?/year ; by comparison, the average coefficient 
of the brown clay was 5 ft.?/year. 


& 


Average void radio-pressure curves (Fig. 13) indicate 
that while loose fill is very compressible, especially at 
low pressures, at greater densities and pressures the 
compressibility approaches that of the brown London 
clay, which gave an average modulus of volume change 
of 37 t./ft.2. It is of interest to note that for the fill 
good agreement existed with the preconsolidation pres- 
sures determined from the test results and those 
corresponding to the superimposed load and depth of 
the fill. The tests have, therefore, been used to estimate 
the dry density of the fill for various depths ; comparison 
with the observed values (Fig. 11) shows that the esti- 
mates are of the same order considering the variability 


Fig. 9.—Displacement of aqueduct parapet of the material. 
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Fig. 10.—Particle size distribution of fill 


gnificantly from the field conditions. The results 4.3. Settlement and Stability Estimates 
Table 1) show that there is some increase in the angle (a) Floor Slab 

f internal friction with depth due to greater dry density. For the purpose of estimating the movements of the 
m account of the variability of the material, however, main factory floor slab, the average superimposed net 
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loads from the plant and goods were taken as uniformly 
distributed over the areas shown in Fig. 2. 

The general variation of the thickness of the fill was 
determined from the site exploration data and from the 
height of the subway below the Southern portion of the 
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sponding deformation of fill and clay due to the weight 
of the former are assumed to have occurred during its 
placing. An average compression modulus of 50 t ft.* 
was used for the fill and of 600 t/ft.? for the clay based on 
the above and previous (Cooling and Skempton 1942) 


factory. This information showed that in a longitudinal test results. 
TABLE 1,—Results of pompreeion Tests 
ay ara | Natural Dry Lateral Maximum Shear. a} Angle ‘Of | * “Instantaneous 
Sample | Water Density | Pressure | Vertical | Strength Internal compression 
No. | Content (Ib. /£t.3) (Ib. /in.?) | Pressure (Ib. /in.?) | Friction | Modulus 
(per cent.) | | | (Ib. /in.2) © | () (Ib. /in.?) 
| | . een Seine Sy = 
| | 
1/3 | 40.0 . 53 5 | 4.9 | — 19 1100 
1/5 | 2.8 | 55 | ime) 17.0 — 2 400 
1/8a | 64.2 | 57 | IO | 19.2 | — 28 950 
1/8b | 66.2 60 | IO | 15.8 _ 28 700 
1/10 | 26.0 | 98 fe) | 17.6 8 c= —— 
1/12 | 23.1 103 fe) | 14.1 Toi — — 
2/4 | 24.9 100 fo) 16.4 One 2 Fe 
| | | average 8.0 aap e 800 
= 0.5 t/ft:2 = BORG ite 


section through the main building (Fig. 3), the thickness 
of the filling increases fairly uniformly from about 
5 ft. in the North to about 30 ft. in the South where 
it slopes towards the river. The general ground water 
level has been taken at the interface of fill and clay 
where it was generally found in the bore holes, and 
would be expected in view of the high permeability 
of the fill material in relation to the clay. 

The deepest bore hole (B.H.4, Fig. 12) indicates that 
the London clay consists of about 20 ft. of brown clay, 
followed by blue clay extending to about —S8o ft. O.D., 
according to geological records. This stratum rests on 
the Woolwich and Reading beds whose upper 40 ft. 
consist of mottled clay, so that the average thickness 
of the compressible clay stratum may be taken as 
200 ft. for the purpose of the analysis. 

The total settlement of any point on the surface of 
the fill consists of the immediate and consolidation 
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Since the factory was built some 20 years after com- 
pletion of the fill, the consolidation of the latter under 
its own weight was assumed to have been complete at 
that stage and only its consolidation due to foundation 
loads has been taken into account. While primary 
consolidation need not be considered, as mentioned 
earlier, the corresponding secondary compression rate 
cannot be estimated at present. After the period of 
ten years, however, as considered here, secondary 
compression is likely to be practically complete and the 
total consolidation can be estimated from the usual 
theory. This is supported by a levelling survey from 
1947 to 1950 on the boiler house, which is the most 
heavily loaded and settled portion of the factory ; 
during this period the settlement had increased by an 
average of 2 in. with a maximum of about I in., which 
is small compared with the total of over 16 in. recorded 
there at the end of 1947 and is largely due to deformation 
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settlements of the fill and clay. They are estimated 
below for a period of ten years after construction of the 
factory when the present survey was carried out. 

The immediate settlement is considered to occur on 
application of the load and has, therefore, been deter- 
mined for the superimposed loads only, since the corre- 
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of the underlying clay. In estimating the consolidation 
of the clay both floor and fill loads have been taken 
into account with an average coefficient of consolidation 
of 3.5 ft.?/yr. based on 5 ft.*/yr. for the brown clay and 
3 ft.2/yr. for the blue clay ; the moduli of volume change 
were taken at 40 and 100 t/ft.*, respectively, observed 
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m. the above and previous (Cooling and Skempton 
42) test results. 

The estimated settlements of a number of typical 
ints of the floor slab are summarised in Table 2. 
mparison of these results with the observed values 
ig. 4) shows fair agreement, particularly in the 
rthern portion. At the middle of the Southern 
tion the subway has reduced the movements to about 
‘ee-quarters of their estimated magnitudes. On the 
1er hand, at the extreme Southern end, the observed 
tlements are somewhat greater than predicted ; this 
wy be explained by its proximity to the free slope of 
> fill, which prevents the lateral restraint assumed 
- the consolidation estimates and where the com- 
sssibility is likely to be more than at other sections 
e to the reduced overburden. At the same time some 
istic flow may have occurred in the underlying brown 
ndon clay since the maximum shear stress below the 
pe due to the weight of the fill and its superimposed 
id is estimated to be same as the shear strength of 
) t/ft.2 of the clay. But the factor of safety against 
lure of the fill under the building load is adequate. 


(b) Piles 
The large settlement of the piles and its distribution 
er the loaded area indicated, as mentioned previously, 
it the loads on the piles were excessive in relation to 
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In accordance with the design assumptions the length 
of the 134 in. dia. bored piles used and their penetration 
into the clay varies, except near the Northern end, by 
about +5 ft. throughout the building where the thickness 
of the fill increases from some 10 to 30 ft. On the 
average, the inside piles were 25 ft. long, penetrating 
5 ft. into the clay, while the outside piles were 30 ft. 
long with ro ft. penetration, based on the mean fill 
thickness of 20 ft. 

If the loads on the piles do not cause plastic flow of 
the clay, their total settlement consists of the general 
settlement of the clay due to the floor and fill loads, 
which varies from about I in. in the Northern portion 
to some 3 in. at the Southern end (Table 2), and the 
settlement of the pile loads, which is of the order of I in. 
Comparison of these total settlements ranging from 
2 to 4in. throughout the main building with the observed 
values of 4 to 12 in. as well as their distribution over the 
loaded area indicate that considerable plastic flow of 
the clay must have occurred. 

While the amount of plastic flow cannot be estimated 
at present, it is of interest to compare the bearing 
capacity of the piles with the loads that they carry. 
The ultimate bearing capacity Q of a 134 in. dia. pile 
with a penetration d (ft.) into the brown London clay 
having an adhesion equal to the average shear strength 
of 0.5 t./ft.2. based on the above test results may be 


TABLE 2.—Estimated Settlement of Floor 


MATERIAL TRUE, CW AWs TOTAL 
Immediate Immediate 
Location Point Settlement Consolidation | Settlement | Consolidation Estimated Observed 

(in.) (in.) (in.) (in.) (in.) (in.) 

A o.1 13 0.2 0.6 Zio 2 
~ Northern B 0.3 5-3 0.4 0.9 6.9 6.5 
¢ 1.5 10.0 1.5 Tats 14.8 12 

Portion D 0.4 4.2 0.3 PieS Fie II 
E 0.6 6.4 0.6 2.4 10.0 7 

F 0.3 453 0.2 Tee 6.0 6 

Southern G 0.7 4.4 0.5 1.6 ae 7 
H 1.4 ‘clay 0.9 i.8 12.8 8.5 

Portion I O27 4-4 0.5 1.6 Fixe 7 
J 0.6 3-4 0.4 2.4 6.5 16 

K 1.3 Woah 0.8 Bei 272 13 

L 0.6 3-4 0.4 2k 6.5 a 


> bearing capacity of the ground and that they were 
ected by the weight of the fill. In the design of the 
es the loads were assumed to be resisted by skin 
ction on the fill and on the underlying clay. It was 
own, however, that under the superimposed floor 
ids the fill must be expected to consolidate, and hence, 
stead of supporting the piles, it exerts a drag or 
1egative ”’ skin friction on them so that the pile loads 
well as the forces on the clay were considerably larger 
an had been anticipated. 


Except near the Northern end where overhead 
ntries caused greater loads requiring larger piles and 
eater penetrations, the inside piles carry about 15 t. 
mm the roof, while the outside piles carry normally 
out 25 t. from the roof and outside walls, apart from 
e Southern gable end, where this load is some 35 t. 
ese loads have to be increased by the drag from the 
, which varies with its thickness. On the assumption 
at during consolidation of the fill a pressure at rest of 
e-half the vertical pressure is acting on the piles with 
coefficient of friction corresponding to the average 
gle of internal friction of 25° found from the above 
st results, the estimated drag increases from about 
. in the Northern portion to about 20 t. at the Southern 
d of the main building. 


expressed as Q = 4.5 + 1.75d tons (Meyerhof 1949). 
For the average conditions mentioned above the esti- 
mated bearing capacities are thus 13 t. for the inside piles 
and 22 t. for the outside piles. The average factor of 
safety by the piles is, therefore, only 0.9 with respect to 
the net loads or 0.6 when a mean drag of the fill of Io t. 
is added. Even under the most favourable conditions 
in the Northern portion the factor of safety is only 
slightly above 1.0 for the total loads whereas under the 
worst conditions at the Southern wall the corresponding 
factor is only about 0.2. It can thus be concluded that 
the ultimate bearing capacity of the piles has been 
exceeded in all cases and that large settlements due to 
plastic flow must, therefore, be expected. 


5. Conclusions with Special Reference to the 
Design of Foundations 


The investigation of the settlement of an extensive 
factory building shows that fills of domestic and indus- 
trial waste products should be very carefully considered 
before they are accepted as building sites. They are 
usually very mixed in composition, variable in com- 
pressibility and may be subject to decomposition and 
combustion unless they consist principally of inert 
materials. Since the density of the fill governs to a 
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large extent the stability and settlement of the founda- 
tions carried, random end tipping in thick layers is 
unsatisfactory. Not only does appreciable consolidation 
under the weight of the fill occur for a considerable time, 
making the site unsuitable for building, but also further 
excessive and non-uniform settlements are likely to 
take place under the foundation loads, particularly when 
they are heavy and variable as in factory buildings. 
Since natural consolidation always leaves the upper part 
of fills in a loose state in-situ compaction or stabilisation 
is generally required. 

The material of new fills should be spread uniformly 
in thin layers and be compacted at the optimum moisture 
content required to produce the maximum density for 
which heavy construction equipment, is frequently 
adequate. Special care is necessary in placing and 
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A study of the behaviour of fills in practice show 
that on well-compacted materials buildings can b 
constructed immediately after completion of the fill 
where this consists of excavated natural deposits, th 
design of foundations can be based on the same principle 
as used for similar virgin ground. Well-compacte 
waste products usually necessitate special investigations 
On poorly compacted materials or fills consolidatin, 
under their own weight building can frequently begi 
two years after placing of the material, and specia 
foundations or structural are generally required. 

In view of the relatively high and variable compress 
bility of most fills the settlement distribution over th 
loaded area is very irregular even under uniform loadin 
conditions. It is, therefore, necessary to design th 
structure and its foundations so that the total as well ¢ 
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consolidating the fill around culverts and foundations 
and behind retaining walls without endangering their 
stability. 

Apart from the density, the thickness of the fill and 
the site conditions affect the magnitude and time rate 
of the settlement under otherwise similar circumstances. 
A greater thickness of the fill causes larger deformations 
and increases the period of time during which they occur. 
Superimposed on these movements are the general and 
frequently progressive settlement of the underlying 
natural ground, particularly where this consists of clays 
or similar compressible soils. These soils consolidate 
considerably and for a long time under the foundation 
loads and weight of the fill. On sloping sites special 
precautions may have to be taken to ensure general 
stability. 


differential movements are restricted or can be withstoc 
without damage. To achieve this the superstructu 
acting in conjunction with the foundations should eith 
be sufficiently rigid to redistribute the loads and there 
reduce the relative settlement of the structure, whi 
is particularly economical for compact and high buil 
ings, or they should be relatively flexible to accommoda 
themselves without cracking which is more economic 
for extensive and low buildings as in the present invest 
gation. In such cases long continuous structur 
should be avoided. They should be divided in 
compact sections especially where loading conditio: 
vary or where parts of buildings differ in height or a 
irregular in plan. Ordinary pad and strip footings a 
rarely adequate. Wide strip footings reinforced 

both directions may be sufficient where good beari1 
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n be obtained and, if this is not available, a concrete 
ft reinforced top and bottom in both directions should 
provided. [If the fill is relatively thin and overlies a 
m natural stratum, a beam and pier or beam and pile 
undation may be preferable. This is particularly 
eful where the fill is loose and of poor bearing value 
ice the structure can then be carried on reinforced 
ncrete or encased steel beams spanning between the 
ers or piles to which they should be well bonded. The 
tter have, however, to be designed to carry not only 
e building loads but also the drag from the consoli- 
ting material, which may be considerable for thicker 
ls and where the underlying ground is compressible. 
red piles may be preferable to driven ones to avoid 
sturbance of the fill by vibration, particularly where 
is is relatively loose as in the present case. 

Foundations should be located at the same level as 
r as possible to reduce differential movements. In 
neral, buildings should not be constructed partly on 
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Fig. 13.—Void ratio-pressure curves 


| and partly on natural ground unless the former is 
mpacted to the same density as the latter, nor should 
ey be constructed near the edge of made-up ground, 
pecially where this ends in a free slope, which is 
nerally in a loose state. To prevent displacement 
d increase stability the whole foundations should be 
terconnected and well tied in two directions by 
ranging them as grid footings or beams or a continuous 
ft. In addition the superstructure should be con- 
cted to the foundation and framed constructions be 
aced in two directions at floor and roof levels. The 
idding should be adequately fixed to the main struc- 
ral members and brick walls, for which weak mortar 
frequently advisable, may have to be reinforced, 
rticularly near openings. This also applies to the 
of construction and its components, which should be 
fficiently braced and secured to the bearing members 
prevent them from being moved or collapsing if the 
pports should be displaced through differential settle- 
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ment of the foundations. Jacking-up positions may be 
introduced in flexible steel structures to realign them 
when necessary. The design of services should ensure 
that relative movements between various sections and 
the structure do not interfere with their function ; all 
concrete work below ground level should be resistant to 
deterioration. In conclusion, it may be said that the 
overall cost of completed works is likely to be much 
less if fills have been properly compacted since the latter 
expense is more than offset by immediate possession 
of the site and the reduced initial and maintenance 
cost of structure, foundations and services. 
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Discussion on 


The Fabrication of a 90-ton Welded Crane Girder* 
By E. Ibbotson, M.I.Struct.E., and 


An Investigation of the Stress Distribution in a Welded Plate Girder* 
By S. Mackey, M.E., B.Se., A.M.I.C.E., A.M.I.Struct.E., and D. Brotton, B.Sc. 


The PRESIDENT, introducing the authors of the 
papers, recalled that the Civil Engineering Department 
of Leeds University, under the direction of Professor 
R. H. Evans, had collaborated for many years with the 
late Mr. P. Mitchell, of Messrs. Dorman Long & Co., 
Ltd., on an extensive investigation concerning the stress 
distribution in a large welded girder, and the papers to be 
presented that evening were the outcome of that work. 
Mr. Mitchell had died early in 1949, and Mr. Ibbotson, 
who had been working with him, had continued the 
preparation of the paper. 

(The authors presented their papers.) 


Discussion 


Professor R. H. Evans (Past Chairman, Yorkshire 
Branch), proposing a hearty vote of thanks to the 
authors of the papers, said that one of the most out- 
standing developments in the realm of structural 
engineering during the present century was the intro- 
duction of arc welding in lieu of riveting. It was used 
on a wide variety of structures on grounds of economy 
and improved characteristics. That it was superior to 
riveting there could be no doubt at all ; and he was quite 
sure that, when the technique and theory, and more 
particularly the plastic theory, had been finalised, arc 
welding would become more economical than riveting. 
At the moment this question of greater economy on 
all occasions may be doubtful but it was a matter of 
gaining further experience, and he had no doubt that 
it had a tremendous future. 

It was very gratifying to him to be present to hear his 
colleagues present their two papers describing a piece 
of work which he had seen grow from the very beginning, 
and he was very grateful to the President for his reference 
to the late Mr. P. Mitchell, for it was he who was initially 
responsible for the work. Since his death Mr. Ibbotson 
and Mr. Barlow had carried on the tradition, and 
Professor Evans was extremely grateful to them. 

With regard to the question of distortion mentioned 
by Mr. Ibbotson, it was a fact that high locked-up 
stresses in welded structures had very little effect on the 
ultimate load of structural members when subjected to 
static and repeated load providing the material was 
ductile, without notches and free from residual stresses 
in more than two directions. It had been also stated 
in the paper by Mr. Ibbotson that the butt ends of the 
flanges were first welded, then the web, the flitch plates, 
etc., to allow the structural parts every freedom to 
shrink. But he wondered whether in certain cases it 
would not be better if those plates were held rigidly in a 
manipulator or a jig. As to the testing of welds, many 
of those engaged in engineering testing were now inter- 
ested in the development of the supersonic method. He 
believed it was developed originally for the testing of 
concrete. For years engineers had criticised strength 
tests on test cubes at ages of 7, 14 and 28 days after 


*Papers read before the Instituiton of Structural Engineers at 
11, Upper Belgrave Street, London, S.W.1. on Friday, “February 
24th, 1950. Mr. Leslie Turner, B.Sc., M.I.C.E., M-I.Struct.E. 
(President), in the Chair. Published in THE STRUCTURAL EN- 
GINEER, Vol. XX VIII, No. 2, pp. 23-42. 
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casting as being too late. At the Road Resear 
Laboratory, Dr. Jones and his colleagues were developin 
this non-destructive supersonic method, and it cert 
had a promising future. He knew that it had 
applied with success in detecting cracks in welds, b 
he was not sure whether or not it was successful i 
detecting differences in the character or quality of welds 
i.e., whether it was capable of detecting the difference 
between a bad and a good weld. One would be ver} 
interested if Mr. Ibbotson would give his a 
in this direction. 

Mr. Mackey had indicated that one of the objects d 
the investigation was to determine the distribution 0 
stress in the flanges and in the flitch plates. The flitch 
plates were introduced through necessity and it was 
obvious that they had been a great success by giving 
the flanges greater stability. Further, the stiffeners 
via the flitch plates, were giving a better distributior 
of stress throughout the web. He invited Mr. Mackey’: 
views concerning the use of flitch plates in future 
designs, and wondered’ whether he would agree thai 
flitch plates seemed almost essential in similar designs 

Another striking feature was the difference in behavi 
our as between series I (a) and 1 (b). Series I (a) was 
repeated, and there was a difference in deflection 
amounting to something like 7 per cent., and it wa: 
gratifying to note that there was a good measure 0 
agreement between theory and experiment. 

When one considered the tests as a whole one founc¢ 
slight discrepancies here and there. For example, ir 
connection with the distribution of stress in the flange: 
it could be shown theoretically and from other experi 
mental work that the stress at the centre of a flange 
was higher than that at the two edges. But it wa 
extremely difficult to guarantee that a girder wa: 
properly strained, and his experience with, say, < 
reinforced concrete T-beam had been that the stress o1 
one edge of the flange was often less than that on th 
other edge. Dr. J. M. Hawkes, A.M.I.Struct.E., whi 
was present at the meeting, appreciated as well as h 
did how difficult it was to load anything correctly. Th 
results showed clearly that the influence of the points 0 
concentration of load was to change the shape of th 
shear stress distribution curve so that the maximun 
shear stress did not occur at the neutral axis, bu 
between the loading point and the neutral axis. Als 
the authors had checked the accuracy of their experi 
mental work by balancing the internal and external forces 

In a comment on Codes of Practice, Professor Evan 
said that Codes, on the whole, were and must be some 
what conservative, and recently his attention was draw1 
by Mr. S. M. Reisser, B.Sc., A.M.I.C.E., M.1.Struct.E, 
to a new French practice in which the stiffeners wer 
not welded to the compression flange. He had alway 
considered it essential to weld a stiffener to the com 
pression flange, but not to the tension flange, and hi 
would be grateful to have the views of Mr. Reisser an 
Mr. Mackey on this point. 

With regard to stiffeners and B.S.S. 449, it wa 
striking from the graphs in the second paper that th 
stiffeners were very lightly stressed, and he asker 
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hether Mr. Mackey considered that any modifications 
ere necessary in that direction. On the whole the 
sign of stiffeners was empirical and there was plenty 
scope for further research. It was certainly a case 
here research, theory and practice should move 
rward together, and it would be a step in the right 
rection if we in this country followed the practice 
lopted on the Continent and in America, namely, that 
- contractors and consulting engineers and the uni- 
rsities working very closely together to the mutual 
enefit of all. 

It was therefore a great pleasure to propose a very 
sarty vote of thanks to the three authors for their 
formative and interesting papers. 


Professor W. FIsHER CassIzE (Hon. Librarian), 
conding the vote of thanks to the authors, said he 
as voicing the feelings of the members of the Northern 
ounties’ Branch, some of whom were present at the 
eeting that evening, in saying that they were very 
eased to see the fruition of the work Mr. Mitchell 
stigated and encouraged. Mr. Pullan Mitchell was the 
cond Chairman of the Northern Counties’ Branch, and his 
ss was felt very much by all members of theInstitution. 
It was very valuable tothave, in the papers, first an 
lustration of the development of welding technique, 
id secondly the correlation of that with theoretical 
ork and with testing. His interest had been particu- 
tly aroused by the experiment described in the paper 
y Mr. Mackey and Mr. Brotton (on page 31), where the 
sion test was mentioned, chiefly because work on the 
wsion of structural sections had been going on for 
me years in his laboratory. He had, with W. B. 
obie, read a paper to the Institution in 1948* on the 
ibject ; and they were very interested indeed to read 
the full-scale torsion test. They had stated in their 
uper that full-scale tests were necessary and that 
‘trapolation from model tests might not be satis- 
ctory, and had tested a beam 24 in. x 74 in. The 
rger one discussed in the paper provided a very 
teresting corroboration of the effects of torsion on 
m-circular sections. 

Using methods similar to those described in their 
yper and based on work which had been going on, and 
hich he hoped would be reported in due course, W. B. 
obie had worked out the torsion constant for the beam 
ascribed in the present papers, and had arrived at the 
sure of 3.424. The experimental figure was 3.23, and 
ie theoretical figure calculated by Mr. Mackey and 
r. Brotton was 2.34. ‘The difference between the 
‘perimental value (3.23) and Cassie and Dobie’s value 
.424) was within 6 per cent. One would be interested 
» know what method Mr. Mackey and Mr. Brotton had 


sed to calculate the torsional constant ; presumably ~ 


was the usual one-third of length times thickness 
bed. This did not take into account the “ junction 
fect,’ which could be very important indeed. 
-rofessor Cassie then showed a model of an inflated 
embrane over the cross section of an I-beam. On this 
odel the addition to the torsion constant which is provided 
) the junction could be clearly observed.) 

The reason given in the paper by Mr. Mackey and 
r. Brotton for the difference between the experimental 
id the theoretical figures was a very modest one, and 
fact the authors’ experimental figure was very much 
oser to the theoretical figure than they had indicated. 
s a corollary it could be argued that the stiffeners, 
though giving resistance to diagonal tension and 
pression, do not in fact give so much stiffness in 
sion as was suggested in the paper. 


*The Torsional Stiffness of Structural Sections. STRUCT. ENG., 
ol. XX VI. No. 3. pp. 154-182. 
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Mr. IBBorson, after expressing his appreciation, 
commented on the point raised by Professor Evans 
concerning freedom in welding as against fixed welding. 
In the girder as he had illustrated it, each butt had 
shrunk 1/16-inch ; there were two butts in the top flange, 
giving a total shrinkage of }-inch. The total shrinkage 
of the girder was 5/16-inch. He suggested that, by 
allowing the flange to shrink freely before welding, the 
final shrinkage of the girder was reduced to something 
like 3/16-inch. He had feared that, by welding the 
longitudinal joints before the butts, cracking might be 
experienced, and it was found that by allowing the 
material to shrink freely the work was quite successful, 
and he suggested that, while that method was successful, 
one should continue to use it. 

With regard to the supersonic apparatus, he said that 
definitely it would indicate any flaws and breaks and 
laminations in the steel or cracks in the welds, but he 
could not speak concerning its success in detecting slag 
inclusions ; he imagined that it would show them up, 
but he did not know to what extent. 

Dealing with the question concerning the depth of the 
web, he said it was chosen as a matter of convenience. 
To transport from the mills plates of more than g feet in 
depth was extremely difficult. 


Mr. MAcKEyY, who also thanked Professor Evans and 
Professor Fisher Cassie for their kind remarks, said 
that it had afforded him and his colleagues very great 
pleasure to address the Institution. 

Replying to Professor Evans’ remarks concerning 
deflection, he said that under the Series I (a) type of 
loading the discrepancy between the measured and 
theoretical deflections amount to 8.5 per cent. A simple 
inclined plane test was carried out to determine the 
coefficient of friction at the end bearings and a value of 
0.3 was obtained for the coefficient. Assuming that a 
horizontal compressive force equal to 0.3 times the end 
reaction acted inwardly towards the centre of the girder, 
at each bearing plate the effect of this eccentric force 
would be to reduce the control deflection by a little over 
7 per cent. This would reduce the difference between 
the experimental and theoretical deflections to 1.4 per cent. 

As to the effect of the flitch plates, they were carrying 
out some tests on girders with uniform webs and from 
these it was hoped to obtain the relative value of the 
flitch plates in distributing the stress to the flanges. 
From the results of the tests already carried out it 
seemed that complete success had been achieved in 
securing uniformity of stress throughout the flange plate ; 
but whether similar uniformity of stress would be obtained 
without the use of flitch plates remained to be seen. 

Looking forward to hearing Mr. Reisser’s remarks 
concerning the welding of stiffeners to the flanges, 
Mr. Mackey said that whilst he was of the opinion that 
stiffeners should not be welded to the tension flange, 
his mind was rather fixed on having them welded to the 
compression flange. 

In referring to the spacing of stiffeners, he pointed out 
that the girder was tested as a simply supported span, 
whereas the stiffener spacings at the ends approximated 
to those in the full-size girder which was continuously 
supported. He agreed with Professor Evans that a 
considerable amount of work remained to be done in 
endeavouring to solve the problem of spacing of inter- 
mediate stiffeners. 

Mr. Mackey was very pleased that Professor Fisher 
Cassie had gone to the trouble of making his torsion 
calculation ; he agreed that the authors had calculated 
on one-third « length x thickness cubed, and that that 
was probably the reason for the differences between the 
experimental and theoretical values. He would be very 
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pleased if Professor Fisher Cassie would at some time 
discuss his experience of the elastic membrane treatment. 

On the question of stiffeners adding to the torsional 
stability, he said that, on the face of it, it would appear 
that, the more one stiffened up a girder, the greater 
would be the torsional stability. But in his view, in 
dealing with welded girders, the question as to how the 
stiffeners were welded on was of fairly considerable 
importance. If there was any draw on the flanges and 
one forced the stiffeners in, there might be a certain 
amount of local and residual stressing beyond the yield 
point over a section of the girder which would influence 
its torsional rigidity, but he was afraid the results of his 
tests did not confirm that. 


Dr. J. M. HAwkeEs (Associate Member), said he had 
listened with great interest to the presentation of the 
papers, and was particularly grateful to notice how 
what might be called operational research was following 
practice. The research described in the papers was 
partly academic and partly what the present generation 
called operational research, 1.e., it was not completely 
divorced from practice. 

Putting questions to Mr. Mackey and Mr. Brotton, he 
referred to loading No. 1, where the loading was made 
to simulate the movement of the wheels of a crane 
over the span, and asked whether the authors knew, or 
whether they could say from their reading, anything 
about the stress distribution in the web when the wheel 
loads were not over a stiffener. The particular girder 
discussed was one carrying an overhead travelling 
crane, so that it differed from an ordinary girder carrying 
static loads, where the stiffeners were placed underneath 
each load. 

At the end of the section of the paper headed “‘ Web 
Stresses’ (page 37), the authors had stated that by 
actually taking the area underneath the shear stress 
diagram given on page 38, they had found the total 
shearing force as shown by the electrical resistance 
strain gauges to be 36.2 tons in the web, and the shear 
stress as shown by the Huggenburger extensometers 
was 38.5 tons in the web, giving a mean value of 37.35 
tons, which compared very well with the theoretical 
value of 37.5 tons. If they had integrated the right-hand 
diagram in Fig. g to obtain those shear loads it seemed 
that the measured value was always above the theoretical. 


Mr. S. M. REISSER (Member), said that Professor 
Evans’ remarks had put him on the spot, as he had not 
read the book which he had recommended! A brief 
perusal of this publication, however, had been sufficient 
to show him that some recent research was apparently 
in contradiction to some of the details which had been 
regarded in the past as good practice, including the 
particular case of stiffener welding. Nevertheless, he 
was still inclined to agree with Mr. Mackey that stiffeners 
should be welded to the compression flange. 

Adding his personal thanks to the authors, he said 
that he had particularly enjoyed the papers, as he 
believed them to have been the first to deal with welded 
steelwork in the construction of which welding was 
regarded as a normal method of fabrication and not as 
something miraculous. 

Commenting on the reference to “arcing time’’ in 
connection with the assessment of the economy of 
fabrication, Mr. Reisser took it that the term meant the 
net time during which the arc was established. With 
regard to the chipping of slag, he asked whether this 
had been done by labourers or whether the welders were 
expected to do it themselves. 

Finally, he asked if the authors could give a figure 
representing the ratio of the total welding time to the 
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arcing time, as such a figure would be particularh 
helpful for estimating purposes. 


Mr. IBBorson replied that the term “ arcing time” 
covered burning time only. Separate labour w 
available for de-slagging, so that the welders themsely 
had not to do that. The operating factor was approxi 
mately 4, which meant that the “ actual welding time 
was four times the arcing or burning time. 


Mr. J. S. TERRINGTON (Associate Member), referrin 
to the welding of the flanges, commented that ther 
were aS many as eight runs of welding on each face, due 
to the thickness of the flanges, etc., and he asked whethe 
larger electrodes could have been used, so reducing th 
number of runs. 

As to the straightening up of the girder, he aske 
what methods were adopted to ensure that the we 
plate was truly straight ; it seemed to him that over 
length of 110 feet it was quite a problem to ensure that 
the web plate was perfectly straight. 

Discussing the bogies on which the girder was 
out, at 8 ft. 6 in. centres, he asked what determined the 
spacing of the wheels. Having seen the girders on the 
site, he wondered how the spacing of the wheels was 
arrived at, and, in spite of tying down with chains, to 
what extent the girders on the bogies were stable. 

Finally, Mr. Terrington commented that the sort of 
work described was usually associated only with Ger- 
many, and one had in mind the work of men such as 
Dr. Dérnen. It was, therefore, a matter for congratula- 
tion to the Steel Company of Wales, to Messrs. W. S. 
Atkins & Partners, to Messrs. Dorman Long & Company, 
Ltd., and to all concerned that they had made use of 
welding on such an extensive scale. 


Mr. STANLEY VAUGHAN (Hon. Treasurer), congratu- 
lated not only the authors of the very interesting papers 
presented, but also those who were responsible for the 
excellent and simple design of the unusually large girder 
described, and also for the carefully thought-out arrange- 
ments for the welding of the girder, including the “ man- 
ipulators,’ which so much facilitated the construction. 

One was delighted to note that, in general, the stresses 
ascertained by the very comprehensive tests that were 
made accorded extraordinarily well with the values 
obtained by calculation. There appeared, however, to 
be two cases where there was quite definite deviation 
between the observed behaviour of the girder and what 
might have been expected from theoretical considerations. 

The first related to the distribution of the stresses 
along the girder flanges. The results were shown in 
Fig. 8 of the paper by Messrs. Mackey and Brotton 
(page 37). What had impressed Mr. Vaughan was that 
in each of the three tests the compressive flange stress 
at mid-span had dropped appreciably below its value 
at the applied loads, whereas the tension stress had 
continued to increase up to mid-span. It appeared that 
this deviation from the calculated behaviour was not 
haphazard, and it seemed to be too considerable and too 
consistent to be ascribed to experimental errors. Mr. 
Vaughan would therefore be very interested to hear if 
the authors could offer any explanation of this pheno- 
menon, and he furthermore asked whether, in the 
authors’ opinion, the reverse effect would have occurred 
if the loads had been applied to the bottom flange and 
not to the top flange. 

The second deviation from expected results was 
shown by Fig. 11 in the paper, and concerned the 
distribution of stress across the longitudinal legs of the 
stiffeners. Whereas one would expect approximately 
uniform distribution the tests showed very considerable 
variations, this variation in one case amounting to 
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ons per sq. in. (i.e., from 6 tons per sq. in. at one edge 

12 toms per sq. in. at the other edge. He would 
Icome any further information or any views which 
> authors might be able to give as to the reasons for 
s variation, and he asked whether it might have been 
e to the procedure adopted for the welding of the 
ffeners to the flanges of the girder. Perhaps this 
riation could have been avoided if the welding had 
sn carried out by starting at the centre point and 
rking outwards. Mr. Vaughan suggested however 
at this variation in the distribution of stress across the 
ffeners was not very important, and would not be 
ely to affect the ultimate strength of the girder, as the 
n-uniformity would die out when the plastic stage 
s reached. 


Mr. R. J. FowLer (Associate-Member), discussing the 
Iding of the flitch plate to the flange plate, said that 
-in. ae was used for the first run, and for the second 
o a 2-in. diameter rod. He asked if there were not a 
dency to cracking of the weld laid with the 4-in. rod, 
‘it seemed to him that they were very thick plates on 
ich to lay the first run as a }-in. fillet ; he would have 
ought that a 5/16-in. fillet would have been the 
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solute minimum that should have been put down as 
> first run. 

As to the welding of the stiffeners to the flanges, 
. Fowler said he was rather old-fashioned in that 
itter, and he liked to see stiffeners welded to flanges, 
en if only to protect the flanges against corrosion. In 
at connection he referred to a bridge situated not 
ry far from the works of Messrs. Dorman Long & Co., 
d about which they knew quite a lot ; it was erected 
ne 15 years ago, and the stiffeners were welded to the 
nges. It carried some of the heaviest traffic in the 
untry, and the road over it was quite bumpy, and only 
the previous day he had heard, on very good report, 
ut there was no sign of failure in that welded bridge. 
iat experience rather confirmed his view that it was 
re practical to weld the stiffeners to the flanges than 
t to do so. 

Coming to the distribution of stress across the flange 
the stiffeners, he said he had noticed that on the 
l size girder described in the papers automatic welding 
is used in welding the stiffeners. Probably they were 
Ided by starting at one end and working to the other, 
en turning in the machine and starting from the 
ond end and working back to the first end. 

If a similar sequence and direction of welding were 
ed on the test girder stiffeners it might account for the 
even distribution of stress across the flanges. 
Finally, in offering his compliments to the authors on 
sir very fine papers, Mr. Fowler commented, in 
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reference to the paper on the testing of the girder, that 
he would like to suggest similar tests made on a com- 
parable riveted girder. 


Mr. E. M. Lewis had been concerned with the design 
of the full-scale girders in his capacity as Assistant 
Engineer in the Consulting Engineer’s office. He 
concerned himself with the part of the paper by Messrs. 
Mackey and Brotton in which they tried to link classical 
theory with experimental observations, and there were 
two matters about which he was in some doubt. First, 
he considered the buckling of web panels Nos. 5 and 6 
under the action of predominantly bending stresses. 
The authors had observed the lateral deflections of these 
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panels and had plotted the contours shown at Fig. 4 in 
the paper and the curves shown at Fig. 6. They stated 
that they had then used the Southwell method to 
determine the crippling load due to elastic instability. 
He observed, parenthetically, that some authorities did 
not consider the Southwell method applicable to web 
panels of this kind, for instance, he believed Dr. S. R. 
Sparkes had arrived at this conclusion during his recent 
work on the behaviour of plate girder webs. However, 
the authors had plotted A/P against A as indicated 
in the diagram (I) and had, presumably, deduced the 
buckling load of 114 tons for panel No. 6 from the slope 
of the curve. In another part of the paper, however, 
they stated clearly that the girder had finally failed by 
yielding of the compression flange in panel No. 6. It 
seemed to him that such yielding of a boundary would 
cause a redistribution of the stresses in the panel which 
would make it invalid to compare the elastic crippling 
load of 114 tons with the failing load of the girder, 
i.e., 115 tons. If there were other arguments which 
justified this compariscn he would be glad if the authors 
could enlarge on the subject. 

The second point concerned the shear buckling of 
No. I panel. The contours shown at Fig. 4 were not 
of the shape which he would expect under shear loading. 
He would have expected the buckles to run the other 
way as indicated in diagram (I1)—a simplified illustration 
of experimental observations by Bergman and Wastlund. 
It therefore seemed to him that the lateral deflections 
were not due to shear buckling, but might be accounted 
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for by initial lack of flatness of the web plate. If this 
was the case, it was surely wrong to relate the slope of 
the nodal-lines to the wavelength of the buckles using 
the classical relation quoted from Timoshenko’s work. 

A previous speaker having asked Mr. Ibbotson to 
what extent flaws in welds could be differentiated by the 
ultrasonic testing technique, Mr. Lewis took the oppor- 
tunity to amplify Mr. Ibbotson’s reply. Mr. Lewis had 
been privileged. to assist in a demonstration of the 
technique at the recent exhibition organised by the 
British Welding Research Association. The Association 
had prepared seven specimen welds each containing a 
classical defect which was known to the Association but 
not to the operator. These were examined at the end 
of the lecture and so far as he could remember the results 
were as follows :— 

The first three welds had severe lack of penetration, 
small slag inclusions strung out and a hot crack in the 
first run, respectively. These predictions were con- 
firmed at the meeting by breaking open the specimens. 
Unfortunately, it was not possible to break open the 
remaining four, but it was learnt subsequently from the 
British Welding Research Association that the predic- 
tions were correct. The fourth weld was in high alloy 
steel and “‘ cold’ cracks were present in the fusion zone. 
The fifth weld was almost perfect. The sixth contained 
one large slag pocket at the end of a weld run and the 
seventh was described by the Association as having 
medium porosity. It was interesting to note that in the 
case of the second weld, by using maximum sensitivity, 
definite reflections were observed from the welded zone, 
but these could not be interpreted as yet. This and 
other similar observations however held promise that 
in the future it might be possible to inspect the 
structure of the weld metal by ultrasonics. 

Mr. Lewis concluded by saying that in his opinion 
this demonstration gave a fair indication of the degree 
of interpretation attainable at the present time. 


Mr. IpBotson, replying to Mr. Torrington’s reference 
to the welding of the flanges, said the welding was 
carried out vertically, using 8-gauge electrodes for the 
first run and 6-gauge electrodes for subsequent runs. 
The 6-gauge electrode was the largest size of rod to be 
used for vertical welding. 

As to the spacing of the wheels on which the girder 
was run out, by which presumably Mr. Terrington 
meant the gauge of the wheels, he said the assessment 
was not very scientific ; the 8 ft. 6 in. gauge wheels and 
axles used just happened to be in stock ! 

The design of the girder was by Messrs. W. S. Atkins 
and Partners ; and Messrs. Dorman Long & Company, 
Ltd., as contractors, were responsible for the practical 
interpretation. The manipulators were designed and 
fabricated by the company at Middlesbrough. 

Coming to Mr. Fowler’s remarks on the welding of the 
flitch plates to the flange, he said there was no difficulty 
in the welding of the +in. fillet; but there was no 
attempt to maintain the 4-in. fillet so long as the subse- 
quent run would complete the 3-in. fillet. The point 
was that the 3-in. electrode, with its coating, was quite a 
large rod, and if it were used for the first run it would be 
difficult to get down to the bottom of the ‘‘ V,’”’ without 
excessive arc length. 


Mr. BrotTon, replying to Dr. Hawkes, referred him 
to the section of the paper headed ‘‘ Under Crane Wheel 
Loads” (page 39). The maximum principal stress 
under the wheel load in web panel 5 which was approxi- 
mately equal to the bending stress at that section, was 
of the order of 10 tons per sq. in. at 75 tons applied load ; 
near the stiffener in web panel 6 the value was approxi- 
mately 8 tons per sq. in. The minimum principal 
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stresses under the wheel loads were compressive, whereas 
in the absence of radial stresses they would have been — 
tensile. Their values were, however, quite small, being 
5 tons per sq. in. in web panel 5 and 1.5 tons per sq. in. 
near the stiffener in web panel 6. The authors had 
plotted the stress distribution curves but had not 
included them in the paper in view of the number of 


. diagrams involved. 


He was glad to have his attention drawn to the anom- 
aly in the shear distribution diagram in Fig. 9. Shear 
distribution diagrams were drawn for each load incre- 
ment, and it was found subsequently that the theoretical 
shear distribution diagram for a load of 85 tons had been 
inadvertently drawn on Fig. 9 in preparing the separate — 
diagrams for reproduction. The corrected figure, which 
should be substituted for that on page 38, is given below. 
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Shear stress in panel 2 at 75T load 
H=Huggenburgers 
S =Electric strain gauges 
T =Theoretical 
Fig. 1 


It should be noted in examining this diagram that, due 
to non-uniformity of the web section, any differences 
in the areas of the three diagrams over the length of the 
flitch plates will be more effective than corresponding 
differences over the central web portion where the web 
thickness is reduced. 

Concerning Mr. Vaughan’s remarks on the distribution 
of stress along the flanges towards the centre of the 
girder (Fig. 8), he said that probably the reduction in 
compressive stress in Series I (a) and 1 (b) tests was due 
to restraint between the wheel loads. The loads were 
applied as shown in Fig. 8 through a series of beams to a 
loading rail bearing directly on the compression flange 
of the girder ; this induced frictional forces as shown in 
diagram below which caused the reduction in stress in 


the compression flange. 
: 
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If the loads were applied to the bottom flange as 
indicated by the dotted lines above, the tensile stress 
would have dropped between the loading points, whereas 
the compressive stress would have continued to increase 
up to mid-span. 

With regard to the variation of stress across the 
stiffeners, Mr. Brotton said that no record is now avail- 
able of the direction in which the welding of the stiffeners 
to the flanges had been carried out. As pointed out in 
the section of the paper under the heading “ Intermediate 
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Stiffeners,”’ the stress variation might be induced either 
by differential longitudinal shrinkage, between the web 
and flitch plates, shear deflection, or by a combination 
of both these effects. It is therefore probable that 
similar variation would still have occurred if the welding 
had been carried out from the centre towards the edges. 
The electric strain gauge readings from which the stress 
values were obtained represented the change in strain 
of the stiffeners from zero load to 75 tons load, conse- 
quently strain or distortion due to welding was not 
measured. Mr. Vaughan was quite right in his sugges- 
tion that these variations would be evened out when the 
plastic stage was reached, and consequently they would 
not be critical in determining the ultimate strength of 
the girder. 

On Mr. Lewis’s remarks concerning the buckling 
curves for web panels Nos. 5 and 6, he said the estimated 
crippling load for panel No. 6, of 114 tons, was brought 
about by the failure of the compression flange ; that had 
caused the panel to be supported only on three sides, so 
that it was not fair to compare it with the theoretical 
buckling load for a panel supported along the four edges. 


Mr. Lewis said he had thought the authors had made 
the comparison in that way. 


Mr. Brotron replied that that was not so. With 
regard to shear panels, he said one would expect the 
lines to go in the directions in which Mr. Lewis had 


drawn them; but probably the results obtained were. . 


due to the initial deflections of the web. 


Mr. Mackey, replying to Mr. Fowlé's suggestion 
concerning tests on a riveted girder, said that this work 
was under way and it was hoped jf the very near future 
to carry out tests on similar Tiyeted and welded girders, 
without flitch plates. red 

With regard to initial ovt_of-straightness, he said that 
the lateral deflection digerams had been corrected for 
this. The maximum Wajue of the initial out-of-straight- 
hess, for any one pane), did not exceed 0.050 in. 

As to reducing the scale of the model work, he said 
that the effect of iaitial out-of-straightness masked most 
of the lateral defection results unless in the manufacture 
of the girder very accurate workmanship, careful beating 
out of the Danels and careful control generally was 
involved. Yo deal with a girder size very much smaller 
sn that tested would lead to erroneous results. 

_ Finally, “yr. Mackey thanked the meeting for so 
patient a jearing, bearing in mind the limitations that 
Were bout q to apply in trying to derive conclusions from 
one parti.yjar test. Those who were working in Leeds, 
e Said, ‘could not control the design and fabrication of 
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of tension flange. 
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the girder from its initial stages, although that was a 
matter of prime importance in carrying out of any 
elaborate series of tests ; as Professor Evans had stated, 
the girder was already fabricated when they had come 
into the picture, and they had had to do their best with 
a girder which they could not control from the outset. 


The PRESIDENT complimented the authors on their 
clear replies to the questions raised in the discussion, and 
thanked all who had contributed to the discussion. 
Moreover, he complimented the consulting engineers and 
the contractors concerned, as well as the Leeds 
University for having seized the opportunity presented 
to carry out a most interesting series of tests, and 
thanked them for having provided the Institution with the 
technical information and test results which had accrued. 


Written Contributions 


Mr. R. J. FOWLER (Associate-Member) writes: I 
should like to add to my rather brief remarks made in 
the discussion at the meeting on February 24th, con- 
cerning the welding of the flitch plates to the flange plates. 

To my mind, the welds warranting major attention 
in these girders (considered from the welding deposition 
and not the design loading point of view), are the fillet 
welds between the heavy plates, to which I referred in 
the discussion. 

In depositing the welds in the tilted or gravity position 
in any tee joint, one fillet, or first run of that fillet must 
necessarily be deposited after the other. In this case, 
according to the paper, a length of some 30 ft. of the full 
2 in. fillet weld is completed before turning the girder 
and-commencing on the first run of second fillet weld. 

Thus the first run of the second weld is made in a 
condition of maximum restraint firstly due to the 
inherent rigidity of the clamped thick plates, and 
secondly due to the tying effect of the first fillet weld. 

It is because of this excessive restraint that I consider 
that a 4-in. fillet weld for the first run of these welds, 
made with a 4}-in. dia. electrode may be a dangerous 
procedure, and such a weld is very likely to suffer from 
cracking before it is covered by the remainder of the 
weld made with the 3-in. dia. electrodes. 

Experience on the welding of heavy machine frames, 
and during the war on the welding of heavy armour 
plate, has demonstrated this to be so, and the absence 
of any sign of cracking when the second run is complete 
is no assurance that the initial crack is not there. 


__.I_ would go further than this and suggest that by 
~ building up the second-run_to the full 3-in. fillet weld 


profile (in one pass) is less than-tkely to result in the 
complete fusing down or penetration of the first run, so 
that any cracking of the first run is not at all likely to 
be fused away. 

My experience is that such welds on heavy plates 
should be made with as heavy a first run as is reasonably 
practicable, and that such first runs are best made as 
3-in.-7/16-in. leg length fillet welds using a 5/16 in. or 
3 in. dia. electrode—the larger the better—and thereby 
incidentally considerably speeding up the welding with 
less heat input and so less residual stress and contraction 
or distortion. 

As an extension to this I wonder if the author has 
considered the use of even larger electrodes and making 
each fillet weld in one run? I think the job is of such a 
size as to warrant this practice. 

This brings me on to the weld testing by the super- 
sonic process. It just so happens that the butt welds 
are the easiest welds to inspect by this or any similar 
means. I understand that it was not used for the 
fillet welding on this job, nor is it easy to do so. I would 
like to suggest, at the risk of being corrected, that it 1s 
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the fillet welding of the type I have commented on above 
that most needs such inspection—if it isrequired to be used. 

Apart from this comment, I should like to say how 
much I have appreciated the author’s description of 
this work, his mention of the necessity of the proper use 
of adequate welding procedure, which also of course 
applies to small welded jobs and to the conception of the 
very fine welding manipulator which he may be inter- 
ested to know is similar in some respects to those used for 
the repetition welding of heavy tank hulls during the war. 


Mr. Ippotson has replied as follows: In reply to 
Mr. Fowler’s written contribution, I would like to make 
further comments respecting the welding of the 2$-in. 
thick flange plates to the 24-in. thick flitch plates. 

I agree that this weld warranted and, in fact, received 
major attention and it was only after considerable 
experiment and experience on similar classes of welding 
that the method explained was adopted. As stated, the 
first run was put down to reduce the arc length of the 
3-in. electrode and to enable the 2-in. fillet to be com- 
pleted with a further single run. The welder using the 
large electrodes followed immediately behind the first 
welder, so that the second run of weld was laid whilst 
the first run was still hot. I agree that should the first 
weld crack, the second run would not result in complete 
fusion and making good of the crack, in fact, inevitable 
cracking of the second run would result. 

With large electrodes, the diameter over the coating 
is such that even when used as a “ touch rod,” Le., 
allowing the coating of the rod to contact each side of the 
“V,”’ the arc length can be excessive, giving incomplete 
penetration under the rod and adding to the danger of 
trapping the slag. I consider that a 4-in. fillet weld 
carried out in a down hand position, using a 3-in. elec- 
trode, is the largest weld that should be made in one run. 
Experiments carried out have shown that the welder 
has considerable difficulty in controlling the slag when 
larger welds are attempted, and although satisfactory 
welds have been produced, the risk of trapping the slag 
with the inevitable cracking of the weld is always present. 

The author has considered using 4-in. diameter 
electrodes, but due to the difficulty of providing a 
suitable electrode holder and the fatigue to the welder 
in handling the heavy cable necessary for the large 
amperage required, the venture has been postponed. 

I would like to thank Mr. Fowler for his interesting 
criticism, and for bringing forward a problem to which 
I have given considerable thought in the past. I 

(entirely agree that when weldibe*used, laying as 
heavy a fu a is Pestteable 
y a tun a§ is pracuvable. 
Written Contributions to the Discussion 


Mr. K. C. Rockey, M.Sc.(Eng.), A.M.I.Mech.E., 
writes: The authors are to be congratulated on their 
fine paper, which is sure to provoke lengthy discussion 
amongst interested engineers. ; 

The writer is particularly interested in the details 
concerning the behaviour of the vertical intermediate 
stiffeners. The function of such intermediate stiffeners 
is to stiffen the plate, so that the plate buckles in a 
series of panels between the stiffeners, which remain 
straight. In 1936, Stewart Way',? determined the 
minimum value of the flexural rigidity which inter- 
mediate stiffeners should possess, if they are to remain 


‘Way, Stewart. ‘Stability of Rectangular Plates under Shear 
and Bending Forces’”’ JOURNAL OF APPLIED MECHANICS (A.S.M.E,) 
December, 1936. 

2Way, Stewart, ‘Stability of Rectangular Plates under Shear 
and Bending Forces.” Final Report. Second Congress of the 
International Association for Bridge and Structural Engineering. 


Berlin, 1936. 
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straight under such conditions. On comparing the 
flexural rigidity of the intermediate stiffeners used on 
the model girder and the theoretical values which are 
required by Way’s analysis, it is found that the ratio 
of the former to the latter is very large indeed. It 
would thus appear that the intermediate stiffeners on 
the model girder are theoretically too large, a point 
‘which is verified by the fact that the stresses in the 
intermediate stiffeners were found to be low in the 
tests. It is appreciated that in this particular case the 
intermediate stiffeners will, in practice, be subjected to 
different loading conditions than those used on the 
model. It would appear, however, that in cases where 
the intermediate stiffeners are not subjected to any 
direct loading, and are used solely to prevent buckling, 
that their design could safely be revised in order that 
the dimensions of the stiffeners be reduced. Since the 
writer is investigating this problem, he would be glad 
to learn of the authors’ comments. 

With reference to web panels 5 and 6 (see Fig. 6), the 
authors have commented on the increase in the rate of 
lateral deflection of web with load at the load of 85 tons. 
Many of the previous research workers, mentioned in the 
authors’ bibliography, have considered such occurrences 
as an indication of the buckling load of the panel. Do 
the authors consider this load (85 tons) the buckling 
load of the panels ? ; 


Mr. F. MICKLETHWAITE writes: Having been con- 
cerned with Mr. Lewis in the design of the full-scale 
girders, I also am interested in the correlation of the 
theoretical analysis with the experimental results given 
by Messrs. Mackey and Brotton in their paper. .I am 
particularly interested in the stress distributions and 
there are certain points which are not clear to me on 
which I would be glad if the authors would enlarge. 

In Fig. 10 of the paper, the shear stress distribution 
adjacent to the end stiffener of the girder is given. If 
the behaviour was purely elastic as indicated by the 
paper I would have expected the maximum shear stress 
to occur at a point nearer to the lower flange than 
section XX. The authors state that readings from the 
strain gauges in the middle of the first panel have been 
used in deriving the stresses adjacent to the end stiffener 
and it is difficult to see how this could be done unless 
the stress distribution in the panel was already known. 
Perhaps the authors would enlarge on their method of 
obtaining this curve. 

From the published results it would seem that the 
work viour of the girder was elastic at all times. Recent 
shown thathis country and in America has, however, 
certain to be aany welded construction there are almost 
the yield point vas where “locked-in ” stresses exceed 
loading applied to tre of the steel. Under the first 
therefore behave plastica. structure, some areas would 
subsequent loading in the, although on unloading and 
would be truly elastic as indiame range, the behaviour 
diagram in Fig. “A” below. ‘ated by the stress strain 
it seems to me likely that such plasin this particular case 
alongside the continuously weldetic zones might appear 
row of strain gauges was positioned Cclestiffener. Since a 
I would ask the authors whether, on fire to the stiffener, 
the load, any observations were made wht application of 
to the conclusion that plasticity occurred.'ch might lead 
curve in Fig. ro is based on purely elastic E Clearly, the 
otherwise, if plastic strains were interpretsehaviour as, 
of the corresponding elastic stresses the totabd in terms 
across the section would be in excess of the ap;shear force 

Apart from this particular pomt where,plied force. 
elasticity might have been recorded on first 1 I think, 
should like to ask the authors if, at first, anyoading, I 

* signs of 
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plastic behaviour were observed. If plasticity did 
occur, it would be indicated by the variations of stress 
or deflections with the applied load as shown by the 
idealised curves in Fig. “ B.”’ Although the authors did 
not apply reversed loadings, the effect of plasticity may 
have been observed in the permanent strains after the 
first loading and during the higher loadings. 

I should find it very interesting to compare any such 
observations with the results of work now being carried 
out at Brown University on this important subject of 
“shake-down ”’ and behaviour in the plastic range. 

\at Leading 


Applied 


Lead 


Unloading a 
Reloading. 


Su brequent 
higher ond reversed 


Subsaquent 
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Strain 


Fig. A.—Idealised variation Fig. B.—Idealised variation 
of stress with strain for a of strain with applied load 
point with ‘‘ plastic locked- 

in ’’ stress 


Reply by the Authors 


Further to Mr. Lewis’s remarks on the application of 
the Southwell method to determine the crippling load 
of the panels due to elastic instability, the authors wish 
to state that the Southwell theory is applied purely to 
experimental deflection results independently of the 
type of edge support and the manner in which the actual 
failure is brought about. 

With regard to the rejection of Southwell’s method 
by other research workers, it should be pointed out that 
initial curvature of web panels which is inherent in all 
plate-girder work, very often masks the true deflection 
readings under low loads and one must therefore carry 
the readings to a sufficiently high stage of loading to 
eliminate the effect of this curvature. In certain cases 
it may not be possible to obtain a hyperbolic relationship 
between load and deflection before the plastic stage is 
reached, and in such cases the method cannot be applied. 

In justification of its use in this particular instance, the 

defin. 
against defin. is perfectly linear, asin Fig. 3. 


load 

In reply to Mr. Rockey’s written contribution, the 
authors were interested to learn that he is investigating 
the design of intermediate stiffeners. They are of the 
opinion that the design of these stiffeners in cases where 
they are not subjected to any direct loading could with 
safety be modified to give lighter sections. 

With reference to buckling of web panels 5 and 6, the 
authors consider the load of 85 tons to be the safe limit 
for design purposes for web panel 6. 

Mr. Micklethwaite is not correct in assuming that the 
maximum shear stress occurs at section XX in Fig. 10, 
as this section was chosen at random to illustrate the 
construction of the diagram. Regarding the method 
of obtaining the curve shown in Fig. 10, the shear stress 
distributions in the lower half of the web panel No. I 
and the web extension beyond the stiffener, were obtained 
from gauges in bearing group G, shown in Fig. 3. The 
shear stress distribution in the upper half of the panel 
near the stiffener was obtained from strain gauge 
readings adjacent to the stiffener and not shown on this 
figure. The values obtained in this case were found to 
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be similar to the distribution in the centre of the panel. 

Certain plastic zones did undoubtedly develop in the 
girder adjacent to the end stiffener during the first run 
of load, and evidence of this was shown in the strain 
gauge readings at that section. At that stage of the 
testing only seven pairs of shear gauges were available 
from which the experimental shear stress diagram could 
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be plotted. It was not possible therefore to integrate 
this diagram to give the measured shear force with any 
degree of accuracy, and while this work was done, 
giving a measured shear force very much in excess of the 
theoretical value, it was felt that the collective influence 
of the friction at the supports and loading points together 
with the slight zero lag in the test machine itself rendered 
the results of the readings of little practical use. In the 
subsequent testing, additional gauges were incorporated 
and every endeavour was made to eliminate friction at 
the supports, but of course, as Mr. Micklethwaite rightly 
mentioned, only elastic behaviour was recorded. As far 
as actual design is concerned, local yielding is inevitable 
in most built-up members, but the effect of this is not 
noticeable on the ultimate carrying capacity of the 
member concerned. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, December 14th, 
1950, at 5.55 p-m., Mr. Walter C. Andrews, O.B.E., 
M.I.C.E., M.I.Struct.E. (Vice-President), in the Chair. 

The Minutes of the Ordinary General Meeting held on 
October 26th, 1950, as published in the Journal in 
December, 1950, were taken as read, were confirmed and 
signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of member- 
ship ? 
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Bristol. 
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wich, Cheshire. 

De Souza, Terence Anthony, 167, Newport Road, 
Cardiff. 

Evans, Arthur, B.Sc., Hons., Wales, 9, Rosehill Terrace, 
Swansea. 

Forcer, Thomas Austin, 15, Roxborough Avenue, 
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Market Street, Chapel-en-le-Frith, Via Stockport, 
Cheshire. 

GUTHRIE, John Lawson, B.Sc.(Eng.), Edinburgh, 8G, 
Bay View, Kinghorn, Fife, Scotland. 

Hatt, William Roy, 48, Barnet Road, Birmingham, 23. 

HERBERT, Robin William, Harleigh Hotel, 30, St. 
Andrews Street, Durban, South Africa: 

James, Bryan William, Stewart Street, Whakatane, 
Bay of Plenty, New Zealand. 

KELLAWAY, Thomas Henry, 104, Christchurch Street 
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Lewis, John Charles, B.Sc.(Tech.), Manchester, “‘ Caldi- 
cot,’ Lime Avenue, Northwich, Cheshire. 

Lowe, John Robert, B.Sc.(Eng.), Hons., 
36, St. George’s Square, S.W.1. 
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Liverpool. 
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Associate-M embership 
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MEMBERSHIP 
LEVENSPIEL, Abraham, c/o Sino-Chemica, P.O. Box 
392, Shanghai, China. 


OBITUARY 
The Council regret to announce the deaths of Evan 
Lovell Widdrington Byrne, David CHattaway, Colin 
Mardall Kay, Jeremiah Leask Manson (Members) ; 


‘Frank Britrain, Major James Ponsonby GALBRAITH, 


James Hepburn Rickie (Retired Members) ; James 
-MarsHatt, Edward Inwood SEAry (Associate Members). 
vi 


© RESIGNATIONS 


Notification was given that the Council had accepted 
‘with regret the resignations of Sidney Norman BARRON, 
Professor Cyril BatHuo, Emile A. Brizay, Thomas 
Horrocks, Thomas Stanley HOSKING, Sydney ROBERTS, 
Robert Henry Rowcrort, James Herbert Woop 
Members) ; George Bruce JOHNSTON, Edmund Norman 
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Charles MARSHALL (Retired Members) ; Charles Donald 
ALLDERIDGE, Frank Freeman BAYNE, Richard Goulden 
BRICKELL, Denald_ Frank CoocH, Augustus William 
de Rohan GALBRAITH, Alfred George Gross, Philip 
KERMEEN, Frederick Henry Martin, Herbert Jones 
NICHOLS, iene Emslie YOUNG (Associate Member) ; 
Arthur Edgar TypEMAN (Associate) ; Steven Sandford 
COOKE-YARBOROUGH, Gordon Hugh DaBeELL, Bernard 
James DEAN, Kaikhusru Dinshah Kapap1a, Kashinath 
Vinayak Natu, Vane Sutron-VANE, John Herbert 
WAINWRIGHT, Harry Charles YouncG (Graduates) ; 
Adam CrupKa, William Frederick CLARK, John Alfred 
GoopYEAR, Ian Isles GUTHRIE, John Robert Harvey, 
John Truman Hastam, Robert Weston HuGHEs, 
Clifford Sydney JAQuEs, Stanley Joseph NEALE, Ray- 
mond Cecil PARKES, Kenneth WALLER (Students). 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 
Thursday, February 8th, 1951 
Ordinary Meeting at 6 p.m., when Mr. F. G. Etches, 
= ee (Eng), AsMCICE. (Member), will present a paper 
“ The Construction of an Extension to a Factory at 
Silvertown? 


Wednesday, February 14th, 1951 
Joimt Meeting with the Reinforced Concrete Associa- 
tion, 6. pam, when Professor A.cl.. lL. Bakery .5e, 
M.I.C.E. (Member), will present a paper on “ The 
Ultimate Strength of Prestressed Concrete.’’ Advance 
copies of this paper may be obtained on application to 
the Secretary. 


Thursday, February 22nd, 1951 
Ordinary General Meeting for the election of members, 
5.55 p.m., followed by Ordinary Meeting at 6 p.m., when 
Dr. G. G. Meyerhof, -M.Sc., A.M.I.C.E: -(Associate 
Member), will present a paper on “ Building on Fill with 
Special Reference to the Settlement of a Large Factory.”’ 


Thursday, March ist, 1951 
The MacLachlan Lecture. Mr. W. Shearer Smith, 
A.M.I.C.E. (Associate-Member), on “Cold Formed 
Sections in Structural Practice with a Proposed Design 
Specification.” 6 p.m. 


Thursday, March 8th, 1951 
Ordinary Meeting at 6 p.m., when Mr. C. L. a’Court, 
B.Sc.; M.L.C.E., will present a paper on “ Special 
Treatments for Portland Cement Concrete.” 


Thursday, March 29th, 1951 
Ordinary General Meeting for the election of members, 
5.55 p.m., followed by Ordinary Meeting at 6 p.m., when 
Mr. E. Roland Hole (Member), and Mr. F. C. Eales 
(Associate Member), will present a paper on “ The 
Construction of the Royal Festival Hall.” 


Thursday, April 12th, 1951 
Ordinary Meeting at 6 p.m., when Lt.-Col. G. W. 
Kirkland, M.B.E. (Member), and Mr. A. Goldstein, 
B.Sc. (Eng.), ACG, D.I.C. (Graduate), will present 
a paper on “ The Design and Construction of a Large 
Span Prestressed Concrete Shell Roof.” 


Thursday, April 26th, 1951 
Ordinary General Meeting for the election of members, 
5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Dr. K. Hajnal-Konyi (Member) will present a 
paper on “ Comparative Tests on Various Types of 
Bars as Reinforcement of Concrete Beams.” 


68 


Members wishing to bring guests to the Ordinary 
Meeting announced above and to the MacLachlan 
Lecture are requested to apply to the Secretary for 
tickets of admission. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


The next meeting of the Section will be held at 11, 
Upper Belgrave Street, London, $.W.1, on Tuesday, 
February 13th, 1951, at 6 p.m., when a lecture on 
“Tunnelling” will be given by a representative of Messrs. 
Mott, Hay and Anderson. 

Mr. R. E. Foot has been co-opted a member of the 
Committee in place of Mr. R. W. C. Steel, who has resigned. 

Hon. Secretary : W. S. Twelvetrees, 6, Dell Road, 
Enfield Wash, Middlesex. 


THE MACLACHLAN LECTURE 
GENERAL CONDITIONS 

Through the generosity of Mr. John MacLachlan 
(Retired Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed for by 
Associate-Members. The conditions of the presentation 
are as follows :— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second vear 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council of 
the Institution and all such papers (including the prize- 
winning Lecture) shall be available for publication in the 
Journal of the Institution at the discretion of the Council. 

5. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of {17 Ios. 

6. In the event of there being no winner of the compe- 
tition in any one or more years, whether because no 
lecture is submitted or because no lecture submitted is 
considered to be of sufficient merit to warrant an award, 
or for any other reason, the Institution shall transfer 
this sum to the Research Fund of the Institution. 


PARTICULARS OF THE COMPETITION FOR IQ5I 

1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1951. 

2. The subject of the Lecture shall be confined to 
Steel Structures. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should be 
embodied in appendices. Photographs, drawings, graphs, 
etc., which would appear as illustrations to the Lecture 
in published form, should accompany the script. If 
additional illustrations would be shown as slides, a list 
of these should be included. 

4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
Institution is Friday, March 30th, 1951. ’ 


THE MACLACHLAN LECTURE, 1950 


The MacLachlan Lecture for 1950, which was un- 
avoidably postponed, will now be given by Mr. W. 


The Structural Engineer 


Shearer Smith, A.M.I.C.E. (Associate-Member), on 
Thursday, March Ist, 1951, at 6 p.m. The meeting 
will be held at 11, Upper Belgrave Street, London, 
S.W.1, and the subject of the Lecture will be “ Cold 
Formed Sections in Structural Practice with a Proposed 
Design Specification.”’ k 
ANNUAL DINNER, 1951 i 

The Annual Dinner of the Institution will be held at 
the Dorchester Hotel on Wednesday, March 28th, 1951. 
Vice-Admiral The Earl Mountbatten of Burma has_ 
graciously consented to attend as Principal Guest. | 


KOKINE REST HOUSE 


As a result of the sale of Kokine Rest House, the 
Board of Trustees has been enabled to present to the 
Institution of Structural Engineers’ Benevolent Fund 
the sum of £2,500. This action was taken in accordance 
with the terms of the most generous gift of Mr. E. J. 
Buckton, to whom the Committee of Management of 
the Benevolent Fund is deeply indebted. 


REPRESENTATION OF THE INSTITUTION 


The Council have nominated Mr. John Perrins 
(Associate-Member) to serve on the City of Liverpool 
Building Professional Advisory Committee. 


AWARD OF LONDON PRIZE 


The Council have awarded the London Prize for the 
best paper read at Headquarters during the Session 
1949-1950 to Professor J. F. Baker, O.B.E., Sc.D., 
M.1I.C.E. (Member), for his paper entitled “ The Design 
of Steel Frames,’’ which was read betore the Institution 
on October 27th, 1949. 


SESSIONAL PROGRAMME, 1951-1952 


The Literature Committee are now considering and 
selecting papers for inclusion in the Sessional Programme 
for 1951-1952. Members who may wish to offer papers 
during the coming Session are invited to communicate 
with the Secretary. 


EXAMINATIONS, JULY, 1951 
The Examinations of the Institution will be held at 
centres in the United Kingdom and Overseas on July 
17th and 18th (Graduateship), and July 19th and 20th 
(Associate-Membership). 


REPRINTS FROM THE JOURNAL 


Authors who wish to obtain reprints of their papers 
published in the Journal, are requested to communicate 
with the publishers at least one calendar month before 
the date of publication of the paper in question. 


JOURNAL BINDING, 1950 

A binding case can be supplied for the twelve issues 
of the Journal, January-December, 1950 (Volume 28), 
price I0s., post free. 

The price for binding volumes is 24s. per volume, 
inclusive. This price is for the half-leather binding 
which has been in use for some years. 

It is requested that all parcels and Journals forwarded 
for binding should bear the name, address and rank of 
the member concerned. All volumes for binding must 
be despatched to the Institution by April Ist, 1951. 

An Index will be included in all volumes bound. This 
index will not be generally distributed, but members 
and others wishing to have a copy should apply to the 
Secretary. 


February, 1957 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 


Thursday, February 15th, 1951 
Fourth Ordinary Meeting. Joint Meeting with the 
Institution of Civil Engineers, North-Western Associa- 
tion. Mr. J. Cunningham, B.Sc., A.M.I.C.E., on “ The 
Britannia Tubular Bridge over the Menai Straits,” at 
the Engineers’ Club, Albert Square, Manchester, 6.30 p.m. 


Friday, March 16th, 1951 

Fifth »Ordinary Meeting. Mr. L. W. Elhott, 
A .R.I.B.A., A.M.I.C.E., on “ Prestressed Concrete in 
Architecture.” 

Thursday, April 19th, 1951 

Annual Business Meeting. 

All meetings will be held in the Reynolds Hall, College 
of Technology, Manchester, at 7 p.m., unless otherwise 
stated. 

Hon. Secretary : G. Greenlees, 16, Mayfield Avenue, 
Stretford, Lancs. 


GRADUATES AND STUDENTS’ SECTION 
The following meeting has been arranged :— 
Friday, March 30th, 1951 

Annual General Meeting. Details to be announced 
later. At the Reynolds Hall, College of Technology, 
Manchester, 7 p.m. 

Hon. Secretary : F. H. Turner, 11, Colwell Avenue, 
Stretford, Lancs. 


MIDLAND COUNTIES’ BRANCH 
_ The following meetings have been arranged :— 


Friday, February 23rd, 1951 
een. |. Francis, -M.Sc.(Eng:), Ph.D., A.M.LC.E. 
(Associate Member), on “ Distribution Methods of 
Structural Analysis.” 


Friday, March 30th, 1951 
Mr. W. P. Andrews and Mr. P. G. Bowie, A.M.I.C.E. 
(Member), on “‘ The Solution of the Car Parking Problem 
here and in the U.S.A.” 


Friday, April 27th, 1951 
Annual General Meeting followed by a paper or a film. 
The meetings will be held at the James Watt Memorial 
Institute, Birmingham, 6 p.m. 
Hon. Secretary : E. R. Deeley, Arranmoor, Adshead 
Road, Dudley, Worcester. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


Saturday, February 24th, 1951 
Visit to the Round Oak Steel Works, at I0 a.m. 


Tuesday, March 20th, 1951 
Annual General Meeting. Films: “ The Failure of 
the Tacoma Narrows Bridge,” and ‘“‘ The Collapse of the 
Remagen Bridge,’ at the James Watt Memorial Insti- 
tute, Birmingham, 7 p.m. 
Hon. Secretary : M. H. Evans, B.Sc., 107, Metchley 
Lane, Harborne, Birmingham, 17. 


NORTHERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 


Tuesday, February 6th, 1951 
_ Mr. N. J. Ruffle (Graduate), on ‘‘ Concrete Control for 
Small Works,” at Middlesbrough. 


q 
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Wednesday, February 7th, 1951 
Mr. N. J. Ruffle will present the same paper at New- 
castle. 
Tuesday, March 6th, 1951 
Mr..P. L. Capper; T.Di; M:Se.; A-M.L.C.E: (Associate- 


Member), on “ Testing Methods in Structural Engineer- 
ing,” at Middlesbrough. . 


Wednesday, March 7th, 1951 
Mr. P. L. Capper will present the same paper at 
Newcastle. 


Tuesday, April 3rd, 1951 

Annual General Meeting. 

All meetings commence at 6.30 p.m., preceded by tea 
at 6 p.m., the Middlesbrough meetings being held at the 
Cleveland Scientific and Technical Institution, Corpora- 
tion Road, and those at Newcastle in the Neville Hall, 
near the Central Station. 

Hon. Secretary : J. A. Williams, A.M.I.C.E., 57, Reid 
Park Road, Jesmond, Newcastle-upon-Tyne, 2. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 
Tuesday, February 6th, 1951 
Mr. W. Shearer Smith, A.M.I.C.E. (Associate-Member) 


on “‘ Cold Formed Sections in Structural Practice with a 
Proposed Design Specification.” 


Tuesday, March 6th, 1951 
Film : “ Military Pile Driving.” 
Tuesday, April 3rd, 1951 
Annual General Meeting. 
The meetings will be held in the College of Technology, 
Belfast, 7.15 p.m. 


Hon. Secretary: S. G. Duckworth, “ Lisleen,” 13, 
Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 
Tuesday, February 20th, 1951 
Mr. H. B. Sutherland, $.M., A.M.I.C.E. (Associate- 


Member), will present a paper at Ca’doro Restaurant, 
Glasgow, 6 p.m. (Title to be announced later.) 


Tuesday, April 17th, 1951 
Annual General Meeting at Ca’doro Restaurant, 
Glasgow, 6 p.m. 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.LC.E., 
11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES’ BRANCH 


Hon. Secretary : E. W. Howells, 10-12, Market Street, 
Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 
Tuesday, February 6th, 1951 
Mr. W. S. Atkins, B.Sc., M.I.C.E., on “ Modern 
Trends in Structural Design.”’ at Cardiff. 


Tuesday, February 13th, 1951 
Mr. Norman Thomas, M.B.E., A.R.I.B.A., on “ Plan- 
ning Factories for Light Industry,” at Swansea. 


Friday, February 24th, 1951 
Mr. A. J. Harris, B.Sc., A.M.I.C.E., on “ Prestressed 
Concrete in Civil Engineering Works,”’ at Colwyn Bay. 
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Tuesday, March 6th, 1951 
Mr. G. R. Brueton, A.M.I.C.E. (Associate Member), on 
‘ The Fatigue of Materials related to Structural Design,”’ 
at Swansea. 


Thursday, March 22nd, 1951 


Mr. G. R. Brueton will present the same paper at 
Cardiff. 


Friday, March 30th, 1951 
Mr. A. V. Hooker, A.M.I.C.E. (Associate-Member), on 
‘Structural Engineering at Abbey Works,” at Colwyn 
Bay. 


Wednesday, April 11th, 1951 
Visit to Abbey Works site, Margam, to inspect the 
buildings for the New Strip Mills for the Steel Company 
of Wales. 
Annual Dinner, at Porthcawl. 


The meetings in Cardiff will be held at the South 
Wales Institute of Engineers, Park Place, at 6.30 p.m. 

The meetings in Swansea will be held at the Mack- 
worth Hotel, at 6.30 p.m. 

The meetings at Colwyn Bay will be heid at the 
County Buildings, at 6 p.m. 

Hon. Secretary: E. R. Steward, Edrom, Ashleigh 
Road, Blackpill, Sawnsea. 


WESTERN COUNTIES’ BRANCH 

The Second Meeting of the Session was held at the 
Grand Hotel, Bristol, on Friday, November 3rd. Mr. 
P. C. Girdlesténe, M.A., M.1.Struct.E., M.I.Mech.E., 
A.M.I.C-E., was in the Chair: . Dr: A. J. Francis, M:Se:, 
A.M.I.C.E. (Associate-Member), gave a lecture entitled 
“The Behaviour of Riveted Joints under Load,”’ 
explaining extensive research work in the stress distri- 
bution in riveted joints, particularly in light alloys. 
A keen discussion followed the lecture, and a vote of 
thanks was proposed by Mr. N. G. T. Ball (Associate- 
Member). 

The Third Meeting was held at the Grand Hotel, 
Bristol, on Friday, December Ist, when Mr. F. S. Snow, 
M.I.C.E., M.I.Mech.E. (Past-President), presented a 
paper entitled “Some Recent Developments and 
Further Applications of Shell Concrete Construction.” 
An interesting discussion followed, and a vote of thanks 
was proposed by Mr. H. C. J. Cornelius (Associate), of 
Exeter (South-Western Counties’ Branch). 


The following meetings have been arranged :— 


Friday, February 2nd, 1951 
Joint Meeting with the Institution of Civil Engineers, 
Professor Andrew Robertson, D.Sc., F.R.S., M.1.C.E., 
on “A Chapter of Engineering a Century Ago,” at 
College of Technology, Bristol. 


Friday, March 2nd, 1951 
Mr. F. W. L. Heathcote and Mr. A. H. Chilver, B.Sc. 
(Student), on “ Light Gauge Structural Steel Sections,”’ 
at College of Technology, Bristol. 


Friday, April 6th, 1951 
Annual General Meeting, followed by a talk by an 
Architect, at Grand Hotel, Bristol. 


Thursday, April 26th, 1951 
Joint Meeting with the Institution of Civil Engineers. 
Mr. Gilbert Roberts, B.Sc., A.M.I.C.E., on ‘‘ The Dome 
of Discovery—Festival of Britain Site,” at Reception 
Room, Bristol University, Queen’s Road, at 5.30 p.m., 
preceded by tea at 5 p.m. 


(y 
The Structural Engine 


All meetings, except the last, will be held at 6.15 p.m., 
preceded by tea at 5.30 p.m. 

Hon. Secretary : C. E. Saunders, Dunkery, Edward 
Road, Walton St. Mary, Clevedon, Somerset. 


YORKSHIRE BRANCH 


The Third Ordinary Meeting was held on Wednesday, ; 
December 13th, 1950, at 6.30 p.m., at the Great Northern’ 


"Hotel, Leeds, when Mr. H. C. Husband, B.Eng., M.I.C.E., 


M.I.Mech.E. (Member), was in the Chair, and thirty 
members and visitors were present. A lecture, which 
was illustrated by lantern slides and models, entitled, 
“Concrete Surface Finishes,” was given by Mr. S. C. 
Boakes (Associate-Member), of the Cement and Concrete 
Association. A discussion followed, and Mr. Boakes 
answered questions. A vote of thanks, proposed by 
Mr. D. R. S. Wilson (Member), and seconded by Mr. Jo 
Dossor, A.M.I.C.E., A.M.I.Mech.E. (Member), was) 
warmly accorded. 


The following meetings have been arranged :— 


Wednesday, February 21st, 1951 
Junior Branch Prize Paper. 


Friday, February 23rd, 1951 
Annual Dinner and Dance, at Castle Grove Masonic 
Hall, Headingley, Leeds, at 7 p.m. 
{ 
Wednesday, March atst, 1951 
Joint Meeting with the Yorkshire Association of the 
Institution of Civil Engineers. Mr. J. Guthrie Brown, 
M.I.C.E. (Member), on ‘‘ Hydro-Electric Developments, 
Pitlochry,” at Leeds University, at 7 p.m. . 


Wednesday, April 18th, 1951 

Protessor “Ri H.. Evans, > D2Se,7 Ph. De. i, ame . 
M.I.Mech.E. (Member), on The Institution of Structural 
Engineers’ “‘ Report on Prestressed Concrete.” 

All meetings, with the exception of the Joint Meeting, 
on March atst, will be held at the Great Nerthern Hotel, 
Leeds, at 6.30 p.m. 

Hon. Secretary : E. Wrigley, City Engineer’s Dept. 
Civic Hall, Leeds. 

UNION OF SOUTH AFRICA BRANCH 

A meeting of the Branch was held at Barclays Ban 
Building, Johannesburg, on Monday, November 13th, 
1950, at 8 p.m., when Mr. F. B. Thompson (Associate= 
Member), presented a paper on “ Some problems encoun 
tered in the Design of the Steelwork and Steelworks 
Foundations of the Steel Melting Plant, new Van der by! 
Steelworks,’ and Mr. J. C. Panton (Associate-Member) 
gave a paper on “ Problems encountered during the 
E rection of the Steelwork.”’ 

A visit to the Steelworks was arranged for Saturday, 
November 18th, when members had an opportunity of 
viewing the work described in the above papers. 

On December 2nd, members of the Branch visite 
the works of the Rand Water Board at Vereeniging. ; 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.1.C.E@ 
P.O. Box No. 3306, Johannesburg. During week- -days 
Mr. Tait can be contacted in the City Engineer’s Depart- 
ment, City Hall, Johannesburg, ’Phone 34-1111 ext. 257+ 


Natal Hon. Secretary : E.G. Bennett, c/o hen 
Steel Co., Ltd., P.O. Box 478, Durban. 


Cape Section Hon. Secretary : R. Stubbs, P.O. Box 
1692, Cape Town. | 
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Special Treatments for 


Portland Cement Concrete” 
ByuCeek..a Court B:Sce. M.LCE. 


Synopsis 

Portland Cement has proved itself to be so useful 
that there is a great desire to treat it as a general purpose 
material. Naturally, however, its physical and chemical 
characteristics impose certain limitations. These 
limitations can be modified by manufacturing adjust- 
ments of the cement itself or by suitable treatments 
of the concrete. 


In this Paper are described methods of concrete 
treatment to modify setting and hardening. times, 
increase workability and improve durability. Improve- 
ment of workability is an indirect means of improving 
strength, density and durability, since its object is, in 
effect, to render possible maximum values in these for 
given conditions of placing. Reference is made to 
wetting agents, air-entraining agents, waterproofing 
agents, pozzolanas and other additions such as inert 
pore-fillers. Surface treatments of set concrete are also 
dealt with. 


In conclusion, an attempt is made to estimate the way 
in which such techniques may be expected to develop 
or expand. 


Introduction 


Binders having some of the characteristics of Portland 
Cement have been known at least since classical times. 
The material as we know it is, however, little more than 
Ioo years old. Furthermore, Fig. 1 shows the very 
large growth of its use that has taken place during the 
last 20 or 30 years. This growth has been out of all 
proportion to any increase in the amount of construc- 
tional activity during this period. It must be, therefore, 
that Portland Cement, or, more particularly, Portland 
Cement concrete, has taken the place of other construc- 
tional materials. There are a number of obvious reasons 
for this, such as: 

(a) The steady improvement in the quality of the 
material and the overcoming of the natural prejudice 
against new materials. 


(b) The progress in design and _ constructional. 


methods, notably for reinforced concrete. 
(c) Cost advantage. 
(d) Ease of use. 


It is probably the last of these factors which has been 
the most significant in the almost phenomenal rate 
of growth of the use of the material, and which leads 
most directly to the subject of the present discussion. 


Portland Cement concrete is, relatively speaking, 
such an easy material to use and so readily adaptable 
to great varieties of structures and site conditions, 
including prefabrication, that there arises almost 
unnoticed a tremendous desire to press its use to the 
limit and beyond. If, therefore, we suggest means of 
modifying its natural qualities, this must be taken 
as deriving from the great virtues rather than from 
the vices of the material. 


11, Upper Belgrave Street, London, S.W.1, on Thursday, March, 


*Paper to be vead before the Institution of Structural Engineers 
(8th 1951, at 6 p.m. 


The growth in use has been somewhat indiscriminate 
in the past, but there is, now, also a great deal of 
scientific knowledge as to suitable and unsuitable uses, 
these being determined by the physical and chemical 
characteristics of the material. It is upon this knowledge 
that we must base our attempts to achieve modification. 
It is as well at this point to emphasise the fact that 
additive treatments to concrete are additions to and 
not in replacement of the production of good concrete. 
Thus, in approaching any problem, the first requirement 
is to ensure that the normal materials are being used 
to the best of their advantage. Having done this, the 
use of further media may be considered. This must 
be clearly understood as underlying what follows. It 
is, for example, quite possible to produce a watertight 
concrete without the use of any water repellent media ; 
it is also very easy to produce a permeable concrete 
with such media incorporated. 


10,000, 


PORTLAND CEMENT 
CONSUMED IN GT. BRITAIN. 


? was this the 
natural trend 


TONS 


3 


“THOUSANDS OF 


2,500 


1900 1910 1920 i925 1930 1935 1940 1945 s@ 
YEARS 


Fig. 1 


The basis on which this Paper is written is, therefore, 
that we have come to regard Portland Cement as 
virtually a sime qua non of constructional activity ; 
that we recognise that, naturally, it has its limitations ; 
that we seek to overcome these limitations by any 
means that are reasonable and which give the required 
results. With this in mind, it is clearly desirable to 
understand firstly the nature of the limitations, and 
secondly the nature and effects of the materials with 
which we seek to overcome these limitations: pre- 
supposing, of course, that we have a fair idea of our 
objectives. The methods adopted in the past have been 
largely empirical in character. That is to say, it has 
been found that the use of certain materials results in 
certain effects. It has, then, often been left to indepen- 
dent investigators to determine the causes. Such pro- 
cedure is natural to engineering practice and will continue 
but it is likely to be increasingly reinforced by a more 
inductive method, whereby the nature of the problem 
is first explored and a consequent solution hypothesised. 
In this connection it is well to remember, however, 
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that Portland Cement, although easy to use, is not 
simple in chemical constitution or reaction. 


Physical and Chemical Background 


As has just been indicated, the approach to this 
problem must be by way of modifying the physical 
and chemical characteristics of the concrete, with 
particular reference to the part played in these by the 
cement. 

There are two physical characteristics which are of 
particular concern : 

(a) the overall grading of the concrete mix ; 

(b) the pore structure of the resultant concrete. 


The importance of proper grading of aggregates is 
now well understood. In a previous publication by 
the author! attention was drawn to the recurrent factor 
of poor aggregate grading throughout a whole series of 
concrete failures, although these appeared to take 
various forms. This defect could be illustrated in a 
diagram of the form shown in Fig. 2, the flat portion of 
the curve indicating a gap in the grading. It is probable 
that this principle can be carried to still further limits. 
The finest material in the aggregates is generally limited 
by such a requirement as that there shall be not more 
than about 4 per cent. passing a 100-mesh sieve. Normal 
Portland Cement is ground to a fineness showing a 
maximum of a few per cent. retained on a 170-mesh 
sieve. There is, therefore, a virtual gap between the 
roo-mesh and the 170-mesh, with a possible decreasing 
extension on either side. The filling of this gap may 
offer advantages. ‘ 
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Even well consolidated concrete contains pores 
distributed through it : these arise partly from the air 
which is entrapped during mixing and placing and has 
not been able to escape, and partly by virtue of the 
volume left by the drying out of the uncombined 
mixing water. 

The major components of Portland Cement are :—~ 

1. Tricalcium silicate (C,S) 

2. Dicalcium silicate (C,S) 

3. Tricalcium aluminate (C;A) 

4. Tetracalcitum aluminoferrite (C,AF) 
5. Gypsum 


The tricalcium silicate reacts rapidly with water to 
form calcium hydroxide and a hydrated calcium silicate, 
probably 3 CaO.2Si0, Aq. 

The dicalcium silicate also liberates some lime and 
forms a _ hydrated calcium silicate, probably 
3 CaO.2SiO, Aq. but this reaction is relatively slow. 

The tricalcium aluminate and gypsum react to give 
calcium sulphoaluminate 3 CaO.A1,03.3 CaSO,31 HO; the 


The Structural Engineer 


remainder of the tricalcium aluminate forms a hydrate 
3 CaO.Al,0; Aq. 

Tetracalcium aluminoferrite forms hydrated calcium 
aluminate 3 CaO.Al,O; Aq. and hydrated monocalcium 
ferrite CaO.Fe,0, Aq. (or possibly 4 CaO Al,O; Aq. and 
Fe,0, Aq.). 

It is the calcium hydroxide and the hydrated tri- 
calcium aluminate which aré the most vulnerable 
constituents of set Portland Cement. Indeed, when 
anything but the calcium hydroxide is attacked, it may 
be said that it is time to look for some other material. | 
Although the tricalcium aluminate is partially affected 
by some additives, as for example calcium chloride, it 
is to the neutralisation of the free lime content that any — 
chemical modification of the set cement is primarily 
directed. 


The site engineer would naturally desire that the 
modification should be cariied out in the cement itself. 
Within limits this can be done. An obvious limit is the 
scale of manufacture. A requirement which results in 
consistent large-scale demand can obviously be met, 
whereas requirements which are variable and inter- 
mittent can best be dealt with by site treatment. Thus, 
in this country we have had for a long time, normal 
and rapid hardening Portland Cement, coloured and 
water repellent cements and, more recently, low heat 
and sulphate resistant types. Some of these variations 
are brought about by a fundamental change in the 
cement, but others are due to simple additions. In 
dealing with this particular aspect of the problem it is 
worth noticing that, apart from manufacturing con- 
siderations, there are fields in which the preponderance 
of the argument is in favour of works addition and some 
in which site addition is preferable. For example, — 


- pigments can be intermixed intimately in the cement 


bulk more easily in the manufacturers’ works than on 
a normal site : consequently, consistency of tone is more 
likely to be achieved with a ready mixed cement. 
Other kinds of additions may, however, need to be 
adjusted to specific site conditions. This feature has 
been emphasised in the United States in relation to 
air-entrainment. 


Some over-all modifications of the concrete can be 
achieved by variation in the type of aggregate used ; 
thus, if fire resistance is a predominating consideration, 
a limestone aggregate could be preferable to a gravel 
aggregate ; if lightness in weight is necessary, foamed 
slag or other appropriate aggregates may be used. 

The objectives of site treatments which take the form 
of additions to the normal concrete can be summarised 
under the following general headings :— , 

(a) Modifications of setting time. 

(b) Modifications of hardening time. 

(c) Increased ease of placing. 

(d) Improvement in durability. 


They may be achieved by integral treatments, by 
addition to the concrete during mixing ; and, in the case" 
of item (d), by superficial treatment of the finished 
concrete. : 

No mention is made in this list of strength or cost, 
the reason being that these are either the ultimate 
objectives or incidental to the items listed. For example, 
when we speak of greater workability, we mean, in fact, 
the maximum workability which can be achieved for 
the lowest tolerable strength and at an economic cost. 
Water is the cheapest workability agent, and the one 
most readily available as we all know only too well, but 
by such use, strength, density and durability all suffer. 
Cement may be used indirectly for the same purpose, 
but at the expense of cost and enhanced movemen 
characteristics. 
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= Modifications of Setting Time 


The setting time may, broadly speaking, be defined 
as the time during which the concrete remains plastic ; 
it can be shortened by the use of a number of materials 
such as the caustic alkalies and, to a lesser degree, by 


other mineral substances less alkaline in character. 


The setting time can be lengthened by various sub- 


stances, notably those of an organic nature such as glue 


and sugar. There are a number of proprietary articles 


on the market for such modifications and this is a case 


where it is probably wise for the general practitioner 


to use these, as all such treatments tend to weaken the 
resultant concrete to a significant degree. Furthermore, 
results may be very variable. It is to be expected that 
a reputable manufacturer will have studied the problem 
in some detail and be in a position to give appropriate 
warnings as well as his positive advice. 


Modifications of Rate of Hardening 


Modifications in hardening are generally required 
in the direction of increased rate of hardening and, 
consequently, of early strength, notably at one and 
three days. To meet thi$ requirement, the best known 
material for site usage is calcium chloride. The general 
recommendation is 2 to 24 per cent. of commercial grade 
calcium chloride, based on the weight of cement in 
the mix for ordinary Portland Cement, and a little less 
for rapid hardening. In such use, it must be borne in 
mind that an increase in the rate of hardening means 
that there is a speeding up in the chemical reactions 
which are taking place: as these are exothermic in 
character, attention must be given to the effects of 
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the increased temperature rise of the concrete. In 
vinter this is generally an advantage, but in summer, or 
any time in relatively massive constructions, care 
st be taken to mitigate the effects of this rise. At 
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the recommended addition, the evidence is that there is 
no significant effect on reinforcement and no noticeable 
alteration in the eventual long-period strengths of the 
concrete, but if the amount added is substantially 
greater, then such effects may have to be taken into 
account. 


Much information on this subject has already been 
published, so that it is hardly necessary to deal with 
it in detail here. Tables 1, 2 and 3 are included as 
giving a summary of the position. Table 2 is of interest 
as indicating that the effect of calcium chloride can be 
affected by the constitution of the cement—the propor- 
tions of the chemical constituents mentioned earlier 
are not necessarily the same in all brands of cement. 
With the normal and rapid-hardening cements on the 
market in this country, this will not be of any serious 
concern for the practising engineer, but it would be well 
to make enquiries if special cements were being used. 


TABLE 1 


| Effect of Addition of 2 per cent. 
Age Commercial Calcium Chloride (70/72 per cent. 
CaCl.) =" 54 per cent. Cal, 
I day 120 per cent. increase in strength 
3 days 5ORS ere ae ite Wma), aa 
vi ” 2 »”> ” a”? a”? ae 
Tmonth | 14 2) ss ” nD 
I year | 6 — 10 eee ee ere 
TABLE 2 


Type of Cement 


White Normal Rapid 
Portland | Portland |Hardening 


C,S content 
Normal mix (by volume) I ezhe I 
Water : cement ratio 0.58 


45 per cent.'50 per cent.|66 per cent, 
Ape Ag cased ss sed) ae 
0.58 0.58 


3-day Strength (lb/sq. in.) 


Without Calcium Chloride 1160 1210 2820 
With 2 per cent, 
Calcium Chloride 1160 1960 3650 
TABLE 3 


Time required for I : 2 : 4 concrete to reach 
a strength of 2,000 lb. per square inch 


Temperature |Without Calcium Chloride With Calcium Chloride 
Wel days days 
32 13 5 
40 | 64 24 


70 | 3 1 


The main purpose in using calcium chloride is to 
increase the rate of hardening. Owing to the nature of 
the reaction, the natural corollary to this is the increase 
in temperature rise, a feature which is of value in cold 
weather ; but if proper advantage is to be taken of this, 
the concrete must be adequately insulated to prevent 
dissipation of the heat. Calcium chloride seems also to 
have some effect in improving the workability of the 
mix. A further effect which can be demonstrated is 
the improvement which can be obtained in the abrasion 
resistance of floors laid with the normally recommended 
inclusion. This is shown quite significantly in the 
accompanying photographs. Adjacent bays were laid 
in normal sequence, under the same supervision and, 
as far as humanly possible, with the same character- 
istics, apart from the inclusion in one of the calcium 
chloride. Figs. 3 and 4 show the results as laid and 
after two years of average industrial wear respectively. 
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There are two suggested reasons for this: one is that 
the slight increase in early stiffening time reduces 
bleeding and the amount of fine material brought to the 
surface under the trowel; the other is that calcium 
chloride holds more water in the surface and so improves 
curing. 


Wetting Agents 


The strength of concrete is related to the water/cement 
ratio. Its ease of placing is also related to the water/ 
cement ratio, but in the contrary sense. The natural 
desires of the designer and the man on the job are, 
therefore, apt to be at variance on this matter. The 
first means of bringing them together is by proper 
choice of aggregates. Increased cement content has the 
effect of reducing the water/cement ratio for the same 
workability, but at the expense of economy and, 
probably, with increased shrinkage characteristics in the 
resultant concrete, as has been mentioned earlier. Over- 


Fig. 4 


sanded mixes inevitably result in high water/cement 
ratios. 


To meet this requirement, the idea has developed of 
adapting to concrete practice a procedure which is well 
known in other industries. This is to use surface-active 
or dispersing agents. The object of these is to modify 
the characteristics at the liquid/solid interface, thereby 
increasing the rate of adsorption of water to the cement 
and aggregate particles, and so also improving the 
dispersion of the cement through the mix. 


Four inter-related factors in concrete are : strength ; 
workability ; water/cement ratio; cement content. 
Assuming proper compaction, a low water/cement ratio 
increases strength but reduces workability ; reduced 
cement content reduces strength for the same worka- 
bility or reduces workability for the same strength, 
principally because of its effect on the water/cement 
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ratio. A surface active agent may, therefore, be expected 
to affect all of these characteristics. It may increase 
strength for a given workability or increase workability 
for a given strength; it may be used to reduce the 
cement content, maintaining the same strength and 
workability, and so reduce costs. Or, an attempt may be 
made to compromise between these various factors. 


Our knowledge of the precise behaviour of these 
materials is, as yet, very incomplete. Some early lack 
of success in their use was due to the unsuitability of 
the agents used. It is, obviously, highly desirable that 
the material shall be inert in the presence of the other 
compounds formed in the cement/water reaction. Some | 
agents are unstable in the presence of the soluble 
calcium salts formed in this reaction: they are thereby 
precipitated and so may be unable to perform their 
required function. Associated with this, too, is the 
desirability that they shall be unreactive with calcium 
chloride in view of the widespread use of this material 
in concrete. This particular problem may be fairly readily 
resolved in the laboratory, but the effective physical 
results of suitable additions are not so easily demon- 
strated. It is, indeed, a feature of much laboratory work 
on concrete additions that site observations are not 
readily reproduced. This is due very largely to the fact 
that it is easy, indeed easier than not, to produce really 
good concrete under laboratory conditions: the result 
is that, although a substantial effect may be produced 
in a moderate concrete, that is to say in average field 
concrete, possible differences may become scarcely 
observable in relation to, perfect specimens. In the 
present instance, this question is further complicated 
by the difficulty of measuring in precise terms the factor 
of workability. This problem has itself been receiving 
attention in very recent times and, in attempting to 
measure effects of workability, it has become very 
apparent that it is necessary first. to evaluate the 
methods of measurement. At the time of writing, the 
main evidence of the utility of surface active agents is 
that which has been accumulated on sites. There is a 
growing body of responsible evidence of this nature, 
noticeably in relation to concrete which is being vibrated 
or pumped. There is also evidence that precast concrete 
products show less breakage when treated in this way. 
Reference may also be made to the effectiveness of these 
additions in certain grouting operations. 


Air-Entraining Agents P 


The consideration of air-entraining agents follows 
naturally upon that of surface active agents, since some 
materials show both properties, according to the 
quantities in which they are used. It may, indeed, be 
that, when used in smaller quantities for their wetting 
properties, there is already a small measure of air- 
entrainment which aids flow under movement. 


The main study of this problem has been in the 
United States : in that country there is now a great deal 
of published literature on the subject. This is probably 
due to the fact that one of the main objects of air- 
entrainment is to resist the action of frost; in this 
country, of course, we do not experience such extremes 
of temperature as are common in America. 


In summary, the evidence to date seems to be as 
follows : 


1. Air can be deliberately and permanently incor- 
porated in a concrete mix by the addition of special 
agents. : 

2. The amount of air entrained is determined by a 
number of factors, in addition to the properties and 
quantity of the agent added. Such factors, for example, 
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are the proportions and gradings of the other ingredients. 
The sand is said to be quite critical in this respect. 


3. The air is now regarded as an additional aggregate 
component, replacing an ascertainable proportion of 
fine aggregate. In some accounts the proportions are 
said to be equal. 


4. The eventual air component of the concrete may 
be materially affected by the degree of compaction, 
particularly if this is achieved by means of vibration. 


5. Concrete with entrained air is lower in strength 
than corresponding concrete without. The Road 
Research Laboratory in this country have obtained an 
indication that the compressive strength of the concrete 
is reduced by 5.5 per cent. for each 1 per cent. of 
entrained air. 

6. The use of air-entraining agents enhances work- 
ability in the concrete in proportion to the amount of 
air entrained. 

7. Air-entrainment tends to produce less bleeding and 
segregation in the concrete mix. 


8. As the quantity of air entrained is specific to a 
number of site factors, the preponderance of argument 
now seems to be in favour*of a site addition of the agent 
rather than its being premixed in the cement. 


The virtues of air-entrainment are generally considered 
to be related to the dispersed nature of the air bubbles 
and the reduction in capillary paths. This has the effect, 
on the one hand, of providing room for expansion of 
water on freezing, and, on the other, a certain reduction 
in permeability, which may contribute to increased 
durability. 

A brief mention should perhaps be made of another 
type of aerating medium. With this type there is 
reaction with the products of the cement/water reaction, 
yielding a gas, which is held within the concrete mass. 
The best known of such media is aluminium powder, 
which gives rise to the evolution of hydrogen when 
incorporated in a concrete mix. 


An appreciable amount of experience is obviously 
necessary in the handling of all air-entraining or foaming 
agents, together with a measure of laboratory control 
on site. 

Water-Proofing Agents 

Agents for incorporation in cement mixes which have, 
or are claimed to have, water-proofing properties, are 
very varied in composition. Correspondingly, the 
mechanism by which they act is also varied. In summary, 
they are generally included in the following categories :— 

I. Inert materials which act as pore fillers. These 


are generally in the category of materials which supply 


a possible missing fraction in the over-all grading 
constitution of the concrete mix. If this hypothesis is 
correct, it might be assumed that almost any inert 
material ground to a suitable range of particle size would 
perform the desired function, but it may be that there 
are other desirable characteristics for the shape and 
surface qualities of the particles. Various forms of clay 
and silica have been particularly advocated. Calcite 
seems recently to have been used in Scandinavia, 
although in this case there have been additional claims 
that it has proved reactive in the cement mix. Hydrated 
lime has also been used for this purpose. 


2. Other forms of pore fillers which react in some way 
in a concrete mix. Thus iron fillings, generally in com- 
bination with ammonium chloride, may oxidise and 

the voids by virtue of the expansion which takes place 
during this process. Certain silicates fall into this 
tategory as well as reactive silica—such as diatomaceous 
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3. Pore greasing agents, which have the effect of 
altering the surface characteristics of the pores so that 
water is not able so readily to travel along them by 
capillary action. There is a wide range of such materials, 
of very varied chemical composition. Some are inert 
while others react with the cement. They include fatty 
acids, soaps of various metals, petroleum and _ bitu- 
minous products and other organic materials. 

There are a large number of proprietary articles on 
the market which may be solutions of simple salts or 
various combinations of materials such as those indicated 
above. 

There are many difficulties in commenting upon this 
particular type of agent. In theory, there should be 
no need to use any of them. In practice, we know that 
it is not at all easy to achieve completely water-tight 
concrete. A water-prcofing or water-repellent agent, 
therefore, offers a margin of safety for awkward cases 
and should be regarded in this light. 


** Pozzolanas ”’ 


The name “ Pozzolana” is given to a range of 
materials which have the capacity of combining with 
calcium hydroxide in the presence of water, to give 
cementitious materials. They were well known in 
classical times, and their name derives from a place in 
the South of Italy. Natural pozzolanas are generally of 
volcanic origin and contain mixtures of silicates. They 
have been found and used in various other parts of the 
world besides Italy, notably in France, Germany and 
the United States. As there are no such natural deposits 
in this country, their use here has not been extensive. 
Consequently, our own experience with them is slight. 
Some diatomaceous earths are said to have pozzolanic 
properties, but such materials are generally improved 
by heat treatment. Pozzolanas may be produced by 
the roasting of suitable clays, while Fly ash is another 
artificial material having similar properties. In Europe, 
pozzolanas have tended to be used more in the 
Mediterranean regions than further north. Apart from 
the early history and experience, there may be two other 
reasons for this. They have been used for constructional 
work very largely in seawater on account of their 
greater resistance to sulphate attack: such attack is 
enhanced by rise in temperature. The second possible 
reason is that the pozzolana mixtures tend to be slower 
hardening than normal Portland Cement mixes: this 
would be disadvantageous in cold climates, but certainly 
less so in warmer regions. 

The advantage of pozzolanic additions to Portland 
Cement mixes is that these materials combine with the 
calcium hydroxide formed in the cement/water reaction. 
The quantity to be added will depend upon the quantity 
of free lime and also upon the amount of correspondingly 
reactive material in the pozzolanic substance. The 
degree of reactivity is also a function of the fineness of 
grinding. As has been noted above, such additions lower 
the early strengths of Portland Cement concretes but, 
up to their optimum addition their tendency is to 
increase the long period strengths. Quantities in excess 
of that required for the complete reaction of the available 
free lime will, presumably, act asa filler and consequently 
tend to reduce strength if the other aggregate quantities 
are maintained constant ; such effect being enhanced by 
the fact that, being finely ground, this material will 
require a proportionately large water content for 
wetting purposes. 

The elimination of the free lime in the set concrete 
removes the most vulnerable constituent : consequently, 
concretes with suitable pozzolanic addition are less 
susceptible to attack by certain types of aggressive 
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agents, notably sulphates. Used in suitable quantities, 
they tend also to produce a denser concrete : this, in turn, 
would promote resistance to attack. It is claimed also 
that concretes with pozzolanic addition are more 
workable and have less tendency to segregate and to 
bleed. In view of the nature of the reaction, it might be 
expected that the use of these materials on concrete 
structures and renderings would tend to reduce the 
amount of that form of so-called “ efflorescence ’’ which 
is due to the carbonation of free lime on the surface, 
but the writer is not aware of any published evidence 
on this subject. 


Surface Treatment 


Up to this point, we have been concerned with 
materials which are added to the normal constituents 
of concrete during the mixing process. It remains to 
give a note of materials which can be applied to set 
concrete. Obviously, this kind of treatment can affect 
only the characteristics of the set material such as 
permeability, durability and abrasion resistance. It is 
clearly necessary to give some definition of the term 
“surface treatment.’’ A tar macadam carpet applied to 
a concrete road or a lead lining to a concrete tank could 
be described as such, but clearly they are somewhat 
remote from the general intent. Under the heading of 
“ Concrete surface treatment,’’ one has in mind applica- 
tions which result in a thin film covering, or a filling up 
of the surface pores. Of this type also, it is not intended 
to do more than make a passing reference to paints 
adapted for application to concrete surfaces. These are 
materials of special formulation and may be considered 
to have crossed the line between concrete technology and 
paint technology. 


The most commonly used of the remaining materials 
may be conveniently summarised as follows :— 


1. Silica containing media. 
2. Drying oils such as linseed oil. 


3. Various forms of bituminous or asphaltic 
compositions. 


4. Miscellaneous. 


The silica-containing media which are used include 
sodium silicate, magnesium silico-fluoride and silicon 
esters. They depend for their effectiveness upon the 
deposition of silica gel within the pores of the concrete, 
and probably to some extent upon a reaction of this 
silica with the available lime to form calcium silicate. 


The materials which come under items 2 and 3 depend 
upon the impenetrability of the film which they provide, 
when they have been spread over the concrete surface 
in a normal manner and have then oxidised or dried. 


The miscellaneous items cover a wide range of 
materials, among which may be noted metallic soaps 
in various solvents and sundry other organic compounds, 
some reactive and some unreactive with the concrete. 
These are more likely to come within the province of 
practising engineers as constituents of proprietary 
materials than as specifically designated compounds. 


Surface treatments may give protection against water 
penetration, chemical attack or simple wear. Insofar 
as any of them prevent penetration. by liquids, they 
will obviously provide a corresponding measure of 
protection against the aggressive action of such liquids : 
this refers particularly to aggressive salts which may be 
carried in aqueous solution. The resistance to the 
penetration of any given chemical will clearly depend 
upon the resistance of the surface coating itself to attack 
by such chemical. No material can, therefore, be held 
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to be of general utility in this matter, so that treatment: 
must be specific to the conditions. Documents have been 
published by the Portland Cement Association of 
America and circulated by the Cement and Concrete 
Association in this country which give general guidance, 
but in cases where serious attack is to be expected 
specialist advice is obviously necessary. 


_ For abrasion resistance, materials coming within the 
two first categories of those mentioned are generally 
used. The author has already published a Paper on an 
investigation into the effects of these materials?, 
In summary the conclusions reached were that :— 


1. If really excellent concrete floors are laid, then 
no such treatments are necessary ; 


2. Ifthe floors are extremely bad, no such treatments 
do any good ; 


3. In between these limits there is the great bulk of 
work which is carried out in practice ; in such work, 
definitely beneficial results are possible ; 


4. Treatment will probably have to be renewed at 
intervals depending upon the circumstances of the case. 
Such intervals may be of the order of from one to two 
years, but there is evidence to suggest that, in reasonable 
conditions, one or two such subsequent treatments may 
be all that is necessary. Recent work by the author gives 
evidence that, to obtain the very best results, there is 
an optimum age for the concrete at the time of applica-_ 
tion. For sodium silicate, this seems to be from about 
7—14 days with normal cement under average conditions. — 
If abrasion resistance is the object in view, it is inad- 
visable to apply this material at a concrete age of less 
than 24—28 hours. At any time after this, there are 
advantages to be gained, with the optimum conditions 
just mentioned. This is typified in Fig. 5. 


Conclusion 


This Paper has set out to discuss the reasons for 
making additions to normal concrete mixes and to 
summarise the particular purposes for which this may 
be done, the types of materials which may be used for 


EFFECT ON ABRASION RESISTANCE OF 
SODIUM SILICATE TREATMENT OF CONCRETE AT VARIOUS AGES. 


AMOUNT OF MATERIAL ABRADED IN GIVEN TIME 


AGE AT TREATMENT. IN DAYS 


Fig. 5 


such purposes, and the present state of our knowledge 
on the subject. It may be well to conclude by attempting 
some estimate of the way in which such techniques 
may be expected to develop or expand. 
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Knowledge of concrete technology has advanced very 
considerably within the last twenty years, that is to say, 
within the working life of practising engineers who 
would still consider themselves relatively young. The 
main line of development to date has, very properly, 
been in the direction of using the normal constituent 
materials to their best advantage. While it is certain 
that much will yet be done in this direction, it would 
not be unduly rash to suggest that the curve of such rate 
of progress is now in the process of flattening out : the 
important thing in the future will be to disseminate 
knowledge so that average practice comes more into line 
with the best. 


It is equally certain that more and more demands 
will be made upon Portland Cement concrete, not only 
in the matter of quantity, but also of quality. One 
needs only to instance the impetus towards high strength 
concrete which has been given by prestressing techniques. 
To achieve the next set of objectives, it seems likely 
that further serious scientific consideration will need to 
be given to additions to normal concrete as one ‘of the 
means to be employed. 


Materials which affect the setting time have a 
restricted field. Accelerating media are used mostly to 
speed up the set in order to deal with water penetration 
under hydrostatic head ; or for work between tides in 
tidal waters, where the size of the job does not justify 
the construction of coffer dams or the like. One cannot 
foresee any further great developments in this direction, 
or in connection with retarding agents—the most 
publicised use of which is to obtain certain surface effects 
by removal of the top skin after the striking of the 
formwork. 


The use of calcium chloride as a rapid hardening 
medium is now well established : instructions in its use 
have, for example, been incorporated in various official 
documents such as the National Building Studies, 
Furthermore, there is now a special cement on the 
market, of which an essential ingredient is calcium 
chloride. This material may, therefore, be considered 
to have passed into the realm of bulk use. 


There is little to add to what has already been said 
on the subject of waterproofing or water-repellent media. 
Their use has been very considerably popularised and, 
although no doubt fresh materials will be put on the 
market from time to time, the general principles for 
achieving watertight conerete are hardly likely to be 
affected. The same can be said of surface treatments. 


Further development is therefore to be looked for, 


more particularly in the use of those integral agents . 


which affect the plasticity, pore structure and durability 
of concrete, including those which achieve this by 
chemical reaction during the setting of the concrete. 


Pozzolanas, if used in this country, are likely to be of 
the artificial variety. These have the advantage that 
they can be developed with specific characteristics, as 
compared with the somewhat fortuitous properties of 
the natural materials. It would appear also that they 
need not be very expensive. Thus, although little 
interest has been taken in them here so far, they are 
an obvious type of material upon which to base develop- 
ments. 


Wetting agents offer interesting possibilities, if their 
potentialities can be substantiated. 


The use of air-entraining agents seems hardly likely 
to develop extensively in this country for their more 
eeu properties of promoting frost resistance in the 
treated concrete, but allied properties induced by 
materials of this sort can prove significant. 
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The problem of segregation, for example, is one which 
might well receive greater attention. Every user of 
concrete is familiar with this phenomenon, and specifi- 
cations commonly require precautions to be taken 
against it. It is, no doubt, accepted that such attempts 
cannot be completely successful, but the degree of this 
lack of success is perhaps only now becoming appreciated, 
even by scientific observers. It has long been known to 
laboratory staffs that a degree of segregation can be 
observed in 6-in. cubes prepared in a laboratory under 
standard conditions of compaction. The Road Research 
Laboratory have recently made known some results 
obtained by means of their non-destructive methods of 
testing which indicate very marked difference of strength 
between the top and bottom, even of quite low lifts of 
concrete as normally poured. We are all well aware 
that the conerete cube taken on the site will certainly 
not be exactly illustrative of the concrete which is in 
the structure. This has had to be accepted, and it has 
been felt that there is a sufficient approximation for 
all practical purposes, but such consideration has not 
taken into account any radical differences which might 
occur in various parts of the structure due to segregation. 
With the best intent, it may well be that a mix of which 
an average sample is well up to specification, may, by 
such segregation, result in parts of the structure not 
being capable of resisting stresses much above the 
design stresses; the factor of safety being thereby 
almost wholly absorbed by this feature alone. Therefore, 
in view of the desire for still higher design stresses in 
concrete, it does not seem out of place to emphasise the 
value of research into this question and into means of 
overcoming it : additives or special treatments may well 
be a feature of such a development. 


Another line of thought is suggested by the question 
of the future of aggregate supplies. The great develop- 
ments which have taken place in the control of concrete 
quality in the last few years have been based upon the 
availability of well graded aggregates. This is imme- 
diately achieved by the co-operation of quarry owners 
through the installation of suitable washing and 
screening plant. But a very important factor is also 
the existence of natural supplies which offer approxima- 
tions to the desired result. Failing this, there must be 
a considerable quantity of rejects. This refers more 
specifically to gravel aggregates, but there are somewhat 
analogous considerations in the case of crushed stone. 
Quarries are wasting assets: their incidence is not 
unlimited, and the working of potential deposits will be 
further affected by the requirements of town and 
country planning and other such restrictive influences. 
It seems to be a serious possibility, therefore, that the 
growing desire for precise gradings of aggregate may 
have some check put upon it within the foreseeable 
future. If this should prove to be the case, then other 
means of achieving the required degree of workability 
with low water content may have to be proved. The 
alternative would be a return to lower strength concrete. 


These various considerations are put forward as 
thoughts arising out of the natural development of 
concrete practice. If they are valid, they suggest that 
the question of concrete additives and similar special 
treatments is one which will necessarily be the subject 
of increasing scientific investigation in the years that 
are immediately ahead of us, 
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The Construction of the : 
Royal Festival Hall 


By E. Roland Hole, M.I.Struct.E., and F. C. Eales, A.M.I.Struct.E. 


The main Sub-Contractors taking part in the work 
described in the paper include the following :— 

Willment Bros. Ltd. (Excavation and demolition). 

Scaffolding (Great Britain) Ltd. (Scaffolding). 

Rom River Co., Ltd. (Steel reinforcement). 

Blaw-Knox Ltd. (Dewatering system). 

Matthew Hall & Co., Ltd. (Heating and Ventilating, 

Plumbing). 
Redpath Brown & Co., Ltd. (Structural Steelwork). 
David Esdaile & Co., Ltd. (Fibrous Plasterwork). 


Introduction 


The volume of construction work carried out on the 
South Bank of the Thames between Waterloo Bridge and 
the County Hall has attracted much attention and has 
claimed the keen interest of both visitors and Londoners. 
This is undoubtedly due to the general feeling of appre- 
ciation that at last this area of ugly and dilapidated 
property was being energetically cleared and dealt with, 
and that it is the main site of the Festival of Britain 
preparations. + 

The Royal Festival Hall, the subject of this Paper, 
occupies a very prominent position and is the only 
permanent building, it being one of the main features 
visualised in the Abercrombie County of London Plan 
for this area. 

Forming, as it does, such an important part of the 
Festival of Britain site, meant that it had to be completed 
to coincide with this programme and this factor adds 
very considerable interest from the structural engineer’s 
point of view. 

The site provided most of the usual difficulties of 
building on the banks of the River Thames. It had 
previously been occupied by massive industrial buildings 


and in addition to these problems, those peculiar to the’ 


involved and complicated requirements of a modern 
Concert Hall combined to form a heavy task for com- 
pletion in the allotted time of nineteen months. 

In this Paper, we are mainly interested in the methods 
and materials employed to satisfy those requirements. 

This time factor had an important influence upon the 
work of construction of the Royal Festival Hall. A 
building of this nature, calling as it does for such varied 
and special consideration by the Architects, presents 
problems in conception, design, and layout, which are 
intensified enormously if the time available is limited, 
and limited it certainly was. 

We, in the Building and Engineering Industry, are 
familiar by now with the reputation our American 
cousins have for fast and speedy production in building. 
We have been made familiar by the Reports of Working 
Parties, etc., of what we ought to do to gain similar 
results in this country. Probably no one appreciates 
more than Contractors what would be possible if all 
drawings and information were available on the signing 
of the contract : this state of affairs did not, however, 
apply in this instance. 


*Pape to be vead before the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, 
March 29th, 1951, at 6 p.m. 
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It is important to appreciate that the London County 
Council’s Architect—Mr. R. H. Matthew, his Deputy— 
Dr. J. C. Martin, and their colleagues, had to work 
under exceedingly great pressure from the date of their 
first sketch design to the issue of their final drawings, 
and a study of the building itself is necessary really to 
visualise their immense task. It is impossible within 
the limits of this Paper to describe the building adequate- 
ly from this point of view but the following brief par- 
ticulars may give a very general picture. 

The site occupied by the Concert Hall lies between 
Hungerford Bridge and the well-known Shot Tower. 
The Hall fills this site almost completely, as will be seen | 
on the outline drawing given in Fig. 1. The over-all 
dimensions of the building are 240 ft. «x 220 ft. and 
the greater part of this area is used for the auditorium 
which is 190 ft. x 120 ft. 

Into the remaining area on the various levels the 
entrances, foyers, meeting rooms, restaurants, service 
rooms are accommodated. Figs. 2 and 3 show the 
levels of the various floors. Although the site is 
restricted, spaciousness has been obtained by the 
ingenious arrangement of the floors at their different 
levels and by the use of large areas of glass screens and 
windows which will, in addition, undoubtedly provide 
the patrons of the Concert Hall with the pleasure of 
inspiring views of the river and beyond, ranging from 
Westminster Bridge to well beyond Waterloo Bridge, 
and to the masses of towering buildings lying over the 
river to the north. . 

The height of the building above the original ground 
level to roof top is 108 ft. and from original ground level 
to basement 23 ft. 

In the main Concert Hall 2,900 seats are provided for ; 
in addition to this, seating accommodation for the choir 
and standing space brings the total accommodation to 
3,450. 

The present structure represents about 80 per cent. 
of the complete project ; the section remaining to be 
constructed consisting of a smaller hall, musicians’ 
accommodations, etc. This extension will ultimately 
take place at the south end of the present building and 
is bound up with the proposed scheme for the replanning 
of the Belvedere Road area, the ultimate building line 
extending to about the centre of the present roadway. 


Provision has been made so that the main Concert Hall 
with its ancillary rooms, etc., as now existing can continue 
in use while this extension is carried out. 

On the north side on the river frontage a terrace 
300 ft. long by 85 ft. wide extends the full width of the 
site and under this a car park is provided. 

This very brief description, limited as it is, will, 
it is hoped, at least convey some of the problems con- 
fronting the designers, and give some assistance in 
appreciating their undertaking. 

The Consulting Engineers, Messrs. Scott & Wilson, 
were faced with a task no less formidable than the 
Architects and probably no one appreciated the tas 
they had more clearly than they did. The. following 
description of the structure itself is not intended to 
describe the problems of design involved but is give 
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to enable the problems involved in the construction to 
be dealt with in some detail, as this, it is felt, is the 
real purpose of this Paper, as the title indicates. 


The Type of Structure 

The structure is in reinforced concrete construction, 
with the exception of the roof over the auditorium, which 
is in structural steel. 

All construction up to auditorium floor, the lowest 
level of which is some 30 ft. above pavement level, is 
in beam and column construction, with the exception 
of the four staircase blocks at each corner of the site, 
which consist of load carrying walls, and advantage has 
been taken of their stiffness and box-like shape on plan 
to act as buttresses for the whole structure. 

The carcass of the auditorium consists of 32 in. thick 
cavity walls composed of two 10 in. reinforced concrete 
load carrying walls with 12 in. cavity between and a 
I in. layer of wood-wool on the cavity side of the outer 
skin wall. This cavity wall is continuous around the 
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The auditorium floor steppings are raised above the 
structural supporting slab to provide space for ventila- 
tion and other services. 

The balcony is carried on a main beam spanning 
between the buttresses. Its structure is in the form of a 
box, one face of which constitutes the main girder 
carrying the vertical loads, whilst the box itself takes up 
the torque due to the eccentricity of these loads, and 
is not connected to the back wall. 

The roof of the auditorium consists of two slabs with 
a space between, the upper slab being supported on 
dwarf concrete walls, a layer of glass fibre insulation 
between. 

The lower slab of the concrete roof rests on and forms 
part of the compression flange of a series of steel 
bowstring girders, which span between the longitudinal 
walls. : 

Suspended from the steel roof trusses is the heavy 
plaster slab ceiling which, in addition to forming the 
ceiling of the auditorium, hides and also accommodates 
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Fig. 1 Plan showing the site in relation to its surroundings and the available working space 


whole of the auditorium, apart from the necessary access 
ypenings, and is supported on columns at the sloping 
uditorium floor level. The inner ro in. thick skin is 
tiffened vertically by small projecting buttresses at 
bout 25 ft. centres and horizontally at the various 
evels by slabs giving access to the boxes. : 

The steel roof trusses are supported on the inner skin 
which is thicknessed out at this point to accommodate 
he bearing plates. The outer io in. thick skin is stiffened 
yy, and in addition supports, the various floors occurring 
ound the auditorium itself, this floor area being used 
0 accommodate foyers, meeting halls, refreshment bars, 
ind service rooms. 


certain parts of the ventilation and lighting systems, 
as well as assisting in the general provision of acoustical 
treatment. 

The demands of the acoustic problems have been 
dealt with in many ways but chiefly in the structure 
by the cavity auditorium wall and roof, and by the use 
of sleeved insulated columns used to prevent sound 
penetration to the future small Concert Hall. 


Planning Consideration 
This structural framework or carcass of the building, 
whilst representing only approximately 25 per cent. of 
the total cost of the scheme, as is customary, held the 
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key to the whole construction programme, and it was 
appreciated in the very early days that only by the most 
careful and detailed planning of operations could the 
completion of the scheme be achieved within the time 
available. 

The Contractors invited to tender were called upon 
to submit with their tender their plan of construction 
and progress schedules. Whilst careful study of the 
drawings then available made it possible to appreciate 
many of the major problems involved, Architects’ } in. 
scale drawings have, as we all know, qualities of their 
own and most of the problems involved were as obscure 
as the outlook on New Year’s Day, and it was felt quite 
certain that Mr. Churchill’s famous prescription of 
“Blood, Sweat and Tears’”’ would be in great demand 
in the months ahead. It is certain that the site staff 
would confirm that at least this was an accurate forecast. 

The time available and the realisation of the nature 
of the work likely to be involved in a building of this 
type, at least made it obvious that the auditorium space 
with a roof over, was a very desirable stage to reach at 
the earliest possible moment. Scheming, planning and 
ultimately guessing decided when this could be. If 
information and drawings and materials were to be 
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by a strange coincidence the famous Lion Brewery 
occupied the adjoining north-west area from 1837 to 
1924, when it ceased to be a brewery but remained as 
storage accommodation until demolished to clear the 
site for the Concert Hall in 1949. The restaurants and 
bars will, we hope, provide appropriate reminders of 
those far off days. 

A number of trial holes were excavated before work 
commenced and from them it was estimated that at the 
deepest point excavation would have to be carried down 
to — 11.00 level and averaged 11.50 ft. below mean 
normal ground water level. 

The original ground level was approximately 14.500.D. 
and the subsoil consisted of silt, peat and the usual 
miscellaneous fill down to 10 ft. below ordnance datum, 
Below that there was a layer of compact gravel extending 
to the London clay at about 20 ft. 

Ground water rising and falling with the tide varied 
from 2 ft. below ordnance datum to a maximum of 
3 ft. above. 

From a study. of the percentage of the whole area 
occupied by basements and isolated bases outside the 
basements which were founded in the ballast and 
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Fig. 2._Royal Festival Hall, South Bank 


available to meet the requirements, this date could be 
fairly accurately fixed, but there were a few doubts 
about the drawings. 

The site in itself was also a serious problem, as already 
stated. It was very restricted: access was from two 
sides only and even on these sides the Festival of Britain 
construction was already beginning to encroach. Of the 
remaining sides on the west, Hungerford Bridge was 
depressingly close, but we enjoyed a wonderful view 
over the river on the north. Fig. 4 shows the site as it 
existed on May 5th, 1949—the day we commenced work. 

The problem was of course excavation. The site 
had been in occupation by various people for a long time 
and it was felt fairly certain that our predecessors had 
buried many of their troubles there. These predecessors 
included the Lambeth Water Works, who had flourished, 
we understand, from 1775 to 1837, and undoubtedly 


designed to limit the pressure to 3} tons per sq. ft., it 
was proposed to excavate in one mass over the whole — 
site with steeply battered sides rather than excavate 
in isolated pits where required. By this means the 
maximum use could be made of machinery: heavy 
timbering would be avoided ; the breaking out of large 
obstructions facilitated, and the whole area made 
available for construction work at the earliest possible 
date. 

Excavation 


This suggestion was approved by the Consulting | 
Engineers, who stipulated that mechanical excavation 
could extend to within 6 in. from the level of the final 
formation, providing that effective steps were taken by | 
the use of sleepers on the machine tracks to avoid 
disturbance of the virgin ballast. This remaining 6 in | 
was later excavated by hand labour. ; 
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Before commencing with this plan, it was calculated 
that to remove the unwanted excavated material to 
the nearest available shoot would require lorries leaving 
the site (and, of course, we hoped returning) at the rate 
of one every three minutes. 

In the congested area on the site itself and in the 
congested traffic on the roads leading from the site to 
the shoot, this was obviously an unsatisfactory arrange- 
ment on which to obtain the maximum output from the 
mechanical plant it was desired to install, which included: 
54 R.B. dragline 
I ” 

33 R.B. face shovel 


17 ” 
D.8 bulldozer 
D.4 ” ”» 
Medium hammers 
It was therefore decided to make a temporary dump 
on an adjoining space, but the use of this space was 
strictly limited by the requirements of the Festival of 
Britain construction programme. It was also necessary 
to provide space off the site in order to give reasonable 
working conditions to store the selected excavated 
material later to be returned as fill. 
Five wells had early on been located on the site, but 
because of the former waterworks, or because of our 
post war experience of breweries it was thought that 
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trial holes, the total quantity eventually excavated 
amounted to 63,000 yds. cube and this was actually 
completed in 70 working days, giving an average of 
goo yds. cube per day. 

The actual plant used for the excavation was as 
follows : 


1.Dragline—bucket capacity 67 ft. cube 


” ” cer ss IQ ” ” 
I Face shovel— ,, Fe C3 et reece 


” ”? ” »” 17 2) 7) 


A careful investigation of the existing foundations to 
the Hungerford Bridge disclosed a standard of construc- 
tion far below that which could be reasonably expected 
for an important structure of this kind. In view of the 
possible effect of the removal of water from beneath 
these foundations, it was decided to drive a length of 
sheet piling along this side of the excavation and with 
a 25 ft. length returning at the ends. 

It was later found that there was a considerable 
seepage of water through the original river wall, and in 
view of this and the fact that a porous strata existed at 
— 04.00 to — 05.00 it was decided the risk involved 
made it necessary to stabilise the bank by continuing 
the sheet piling, the penetrations varying from 25 ft. to 
40 ft. along the river frontage and returning down as far 
as the access ramp. This portion of piling is situated 
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Fig. 3.—Royal Festival Hall, South Bank 


other wells probably existed and extra care had to be 
employed in moving the heavy plant around. 

The actual sequence of excavation differed from that 
originally planned, and it was completed down to the 
de-watering shelf at 03.00 level, which was situated 
I ft. above normal subsoil level. 

The excavation was continued down to the final 
formation level after the water level had been lowered. 
To do this, the site was entirely encompassed by a 
system of well points at 3 ft. centres linked by a 6 in. 
header pipe which discharged into the river. This 
installation is described in greater detail later. 

It was originally estimated that about 35,000 yds. cube 
would have to be excavated at a rate of some 
500 yds..cube per day. Due, however, to a variation in 
the site conditions from that disclosed by the original 


over the Northern Line Underground Railway and 
driving over the tunnels was restricted to the hours of 
2 a.m. to 4 a.m., during which time engineers were 
observing the effect (if any) of this work in the railway 
tunnel. 

During the course of the excavation, numerous large 
obstructions in the form of old foundations were en- 
countered, heavier and far more extensive than had been 
contemplated, and this caused a certain amount of delay, 
although the method of excavation greatly facilitated 
their removal. 

Extracts from the record of progress are interesting : 

Excavation commenced May 7th, 1949 (completed 

July 17th, 1949). 
Piling commenced June ist, 1949 (along Hungerford 
Bridge). 
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Excavation completed June 17th, 1949 (along river 
frontage). 

Piling completed July roth, 1949. 

Dewatering commenced May Igth, 1949 (installation). 

Dewatering completed June roth, 1949 (lowering of 
water level). 

Backfill commenced August 18th, 1949. 

Backfill 874 per cent. complete November 11th, 1949. 


Historical items and treasures of great value unearthed 
during the excavation were not as great as was hoped for, 
but mainly consisted of clay pipes dating back to 1650, 
pieces of defective or waste Lambeth Delf Pottery of 
the early eighteenth century. 


The Well Point System 


The installation of the well point system commenced 
on May 18th, 1949. and consisted of 340 well points 
spaced at 3 ft. intervals around the perimeter of the 
excavation, each being connected to a 6 in. dia. header 
pipe around the 1.040 ft. perimeter. Existing ground 
level was at 15.00 O.D. approximately, the lowest 
mass excavation being at — 11.00 O.D. 

Normal ground water level was at 1.40 O.D., although 
this varied slightly with the tide, the river Thames being 
only 16 ft. away at the nearest point. The 6 in. dia. 
header pipe was installed at 3.00 O.D., i.e., just above 
water level and rested on a ledge formed in the battered 
side of the main excavation. The well points were 
carried down to a depth of — 18.00 O.D., i.e. just above 
London blue clay at — 20.00 O.D., but sufficiently low 
to ensure that the highest point of the drainage gradient 
in the middle of the site was below working level. The 
well points were jetted down by means of a jetting pump 
delivering 350 g.p.m. at pressure up to 150 lb. per sq. in. 
No difficulty was experienced where well sanded ballast 
occurred for most of the depth, but in the case of some 
50 per cent. of the well points, deep layers of clay 
overlay the water bearing ballast and slowed down the 
operation considerably. The difficulty met in these cases 
did not arise from having to penetrate the layers of clay 
but in having to wash out a hole large enough to allow 
the coarse particles of sandy ballast to be brought to 
the surface of the well point to allow the passage of 
water. The effect of this difficulty was to reduce the 
maximum rate of jetting from 50 well points a day to 
a minimum of Io per day. 

The 6 in. dia. header pipe was connected to four 
diesel well point pumps located in pairs at opposite 
corners. A fifth pump was installed at another corner 
as a standby and gate valves were provided in the 
header pipe in such positions that, should a breakdown 
occur in any pump, the standby pump could be utilised 
while repairs were carried out. The installation was 
completed on June 17th, one month after commence- 
ment, during which time excavation had been proceeding 
down to water level inside the line of well points. 

Within 36 hours of the commencement of pumping, 
the level of the ground water had been lowered at least 
ro ft. 6 in. to — 12.00 O.D., i.e. 1 ft. below the lowest 
points of the main excavation. A few days later it had 
been lowered a further 2 ft. to — 14.00 O.D., these 
levels being ascertained by means of an inspection pit 
formed in the centre of the main excavation. 

During the initial stages of pumping, i.e whilst the 
initial water level was being lowered, it was estimated 
that the four pumps had a total discharge of approx- 
imately 150,000 g.p.h. compared with the maximum 
pump capacity of 240,000 g.p.h. After several days 
continuous pumping, the discharge dropped to about 
80,000 g.p.h., but in order to maintain the necessary 


‘occurring about two hours after high tide. 
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vacuum, the four pumps were kept running contir 
uously, all water being discharged into the Thames. 

Three observation well points on each of the four 
sides of the site were installed to ascertain the effect o 
tides after pumping had commenced. Sounding 
recorded over a period of several days indicated that 
there was a tidal movement of about 12 inches within 
the excavation, the maximum rise in water level 
This rise 
of water level took place below the level of the deepest 
excavation, and the whole area of the excavation w 
free of water at all times. Small excavations for isolated 
foundations to the terracing on the river side of the site, 
constructed at a later date outside the main area, were 
excavated by hand, using methods normal for tidal work. 


The relative position of the line of well points adjacent 
to the viaduct varied from 40 ft. to 55 ft. on plan, and 
the borings indicated that the well points were approx- 
imately 24 ft. lower than the viaduct foundations. 
Borings also indicated that at a depth of approximately 
32 ft. below ground level there was an apparently 
continuous and impervious layer of clay. 


It was decided that in order to preserve the water 
table in the vicinity of the viaduct foundations, the sheet 
steel pile diaphragm already mentioned should be driven 
down between the well points and the viaduct, to a 
sufficient depth into the clay to ensure an adequate 
seal. This diaphragm was returned eastwards for at least 
a length of 50 ft. to ensure a gradual water path at the 
ends. The diaphragm consisted of 30 ft. lengths of 
No: 3 Larssen sheet steel piling, and was driven from 
mobile cranes operating in the roadway and by the use 
of McKierwan Terry Hammers operating on steam. 
147 tons of piling was used and was driven completely 
in 17 days. 

This steel piling, including the further piling, already 
described, along the river front, involving a total of 
just under 300 tons, which varied in length from 30 ft. 
to 40 ft., was completed in a total of 32 days. This 
piling was left in position until after the foundations 
were constructed, the piling along the river side not 
being withdrawn until after the new river wall and 
filling back to the old embankment had been completed 
along the length of this side. 


Foundations and Basements 


The construction of the two basements was carried out 
simultaneously, together with the isolated bases outside. 
Due to excavation procedure, the basement at the 
south end was in advance of the remainder. The base- 
ment walls generally were Io in. thick, and although 
ultimately supported laterally at the top edge by the. 
ground floor construction, they were designed as free 
cantilevers, giving freedom of construction and allowing 
back-fill to be carried out without recourse to temporary — 
strutting. The walls varied in height up to a maximum 
of about 20 ft. and, since no applied finish was to be 
employed on the internal surfaces, ply faced shuttering 
was used and the surfaces rubbed down immediately . 
after removing the shuttering. 

The basement floor slab was generally positioned 
flush with the soffit of the column bases occurring within 
the basement, the bases projecting above floor level an 
average of 4 ft. This arrangement was decided upon 
in view of an appreciable part of the south basement 
having only a temporary roof over at ground level, i 
pending the construction of the smaller Concert Hall 
to be carried out later, as already explained. 

It was, therefore, necessary to load the basement slab 
to prevent flotation and this could be done within the 
depth of the upstand bases, the service ducts being 
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accommodated within this depth. Also, in view of the 
high cost of keeping the well points system in operation 
until sufficient superstructure above was constructed 
over the remainder of the basement to provide dead 
weight resistance, it was decided to load the whole of 
the basement slab to obtain this. A further consideration 
was the simplification and economy in construction of 
the waterproofing membrane below the floor, which 
could thus be laid entirely horizontal in one operation 
instead of having to be returned up the vertical sides of 
column bases. 


Fig. 4.—View of the cleared site before commencement of 
excavation, 5/5/49. 


To minimise the required output of normal mixed 
concrete, which at this period of the construction was 
at its peak, due to the quantity required for isolated 
mass bases under construction at the same time, it was 
decided that this filling or loading of the basement floor, 
of which there was a total of approximately 1,300 yds. 
cube, should be carried out on the grouting principle, 
weight being the immediate requirement. Stone rejects 
were deposited in layers of 9-12 inches and a 14: I mix 
of sand and cement, using a patent add-mixture, was 
pumped into position by means of a three-inch grouting 
pump. 

Isolated column foundations outside basement areas 
consisted of reinforced concrete spreader bases imme- 
diately below ground floor level, supported by mass 
concrete piers carried down to the ballast formation. 
The top of the reinforced concrete base formed the 
supports to the suspended ground floor slabs. 

The mass concrete piers were in many places designed 
to support a group of reinforced concrete bases, and 
individual piers varied in volume from 75 yds. cube to 
asmuch as 1,800 yds. cube and were in some places as much 
as 22 ft. deep. Due to the method of excavation 
previously described, these bases had to be shuttered, 
patent steel forms being used in conjunction with the 
tubular steel scaffolding being wired back into the 
previous lift of concrete. The larger bases were generally 
cast in layers approximately 2 ft. thick, each layer 
representing as much as 200 yds. cube for the larger bases. 
_ For the reinforced concrete base construction, 9 in. 
brick walls were built on top of the mass concrete piers 
to act as permanent shuttering, the waterproofing 
Bembrane being applied to the inner faces before 
concreting the base, the brick wall ultimately serving 
as a protective skin to the waterproofing membrane. 

The waterproofing of the basement was by means of 
o layers of a bituminous fabric type of waterproof 
naterial, the layers being fused to each other by the 


83 


application of heat. This system gave the advantage 
of being able to be carried out under conditions not 
normally considered practicable when using ordinary 
asphalt, and it could be protected immediately after 
fixing. Horizontal waterproofing was laid on a 3 in. thick 
bed of concrete and was immediately protected by a 
2 in. thickness of concrete screed. The steel fixing to 
slabs and bases was commenced immediately this 
screed was laid. A 3 in. thick brick skin was provided as 
protection to the vertical layers. 

This waterproof membrane formed a continuous skin 
over the whole site immediately under the ground floor 
slab, even where no basement occurred. The total areas 
covered were 14,000 sq. yds. 

The temporary ground floor construction over the 
basement area at the south end consists of prestressed 
precast beams and decking units supported on brick 
piers. This floor will ultimately be removed when the 
small hall and adjacent areas is constructed. The 
prestressed beams are 31 ft. span and of I section 30 in. 
deep. They were manufactured on the Hoyer system 
in a factory off the site. Each beam weighs 67 cwts. 
The slabs, also factory produced on the Hoyer system, 
are 24 in. thick, 5 ft. o in. and 6 ft. 8 in. long. 


Superstructure 


Construction of the superstructure was carried out 
in four main stages as follows :— 

(a) The whole of the construction brought up 
uniformly to the auditorium floor level, apart from 
subsidiary internal staircases. 

(b) Concentration on the auditorium area only, to 
enable roof trusses to be placed. 

(c) Completion of work outside auditorium while 
roof cladding and internal reinforced concrete work 
proceeded in the auditorium area. 

(d) Construction of Car Park and terracing beyond 
the main building lines. 

The original plan for construction of the super- 
structure, prepared before work commenced on site, was 


Excavation in progress and commencement of 
foundation work 


to complete all work up to ground floor level and then 
to concentrate on the auditorium area only. By this 
arrangement, it was intended to have the auditorium 
roof temporarily watertight by January, 1950. The 
construction of the surrounding work would then have 
proceeded during the winter months, the labour being 
transferred to all subsidiary work within the audi- 
torium, under cover, during inclement weather. Under 
this scheme, and in order to make it feasible to get the 
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auditorium into this condition within the time available, 
it was the intention to omit all internal work within 
the auditorium walls, such as balcony construction, 
staircases and upper floor to auditorium, etc. This 
portion of work, so constructed, would have been 
comparable toa large box on stilts, so it was the intention 
to stiffen temporarily certain pairs of columns between 
ground level and the sloping auditorium floor, at a 
height varying from 30 to 50 ft., to act as wind bracing 
until the staircase blocks at the four corners outside 
the auditorium area were constructed, these having 
been designed as already described, as stabilisers for 
the whole structure. 

Due to the additional work encountered below ground 
level, not foreseeable when this plan was prepared, 
construction up to ground level was delayed until the 
end of September, 1949, some eight weeks later than 
originally intended. It was decided that since the 
auditorium could not be watertight by January, the 
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in this type of building, very varied and did not lend 
itself to the adoption of any usual shuttering or 
labour saving methods, but on the contrary, was 
complicated, requiring very considerable labour with 
little repetition. A considerable amount of the propping 
to beams and slabs was at heights exceeding patent 
steel prop heights, being up to 41 ft. high, and for these 
areas use was made of. tubular steel supports. It was 
also necessary to prop through considerable areas where 
the construction above was heavier than in the designed 
superimposed load of the work below. 

A large proportion of the columns are circular, of 
20 in., 26 in. and 32 in. diameter. The shuttering for 
these was carried out in timber, since the number of uses 
possible of any one size did not warrant the use of 
purpose-made steel shutters. The shutters were ply 
faced and made in two halves, one half 12 ft. long and 
the other being in two heights of 6 ft. each, to enable the 
concrete to be placed from a height not greater than 6 ft. 


General view showing erection of roof girders in progress 


main advantages of this scheme would be lost. It was, 
therefore, abandoned and the whole job replanned to 
be brought up uniformly to auditorium floor level before 
concentrating on the auditorium area only, this level 
not only being most desirable for structural considera- 
tions, but having advantages from the point of view 
of the area made available for the finishing trades to 
commence operations. 

The auditorium walls consist of the two Io in. thick 
reinforced concrete walls with a 12 in. cavity between, 
the two skins being entirely independent above audi- 
torium floor level. Although this construction was 
designed to meet acoustic requirements, it was of 
considerable assistance during construction, since it 
enabled the inner skin only to proceed and support the 
auditorium roof and thus regain some of the time lost, 
leaving the outer skin to be constructed with the 
surrounding work, which it was designed to support. 

The construction up to and including the sloping 
auditorium floor was, as is obviously to be expected 


Shuttering to beams and slabs was in wrot boarding, 
supported on joists. Where normal height propping 
occurred, 9 in X 3 in. timber main joists were erected 
with panels and runners between, to permit earlier 
release of panels, leaving the main joists and props in 
position. Due to the variation of sizes of members and 
the necessity to make the maximum progress possible, 
an appreciable amount of short ends of timber con- 
stantly accumulated. This was made up into standard 
2 ft. square palate boards for use elsewhere on the job 
in conjunction with the normal standard steel panels of 
similar size. 

The concreting of the sloping auditorium floor was 
completed about the middle of January, and at this 
stage the arranged change over to concentration on the 
auditorium area was carried out. 

In view of the extremely short period of time allowed 
for the entire construction, it had been decided to 
install temporary steam heating for maturing the concrete 
during periods of frost to enable concreting and the 
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triking of shuttering to continue more or less at a 
10rmal rate. This installation was put into operation 
n the latter part of January, and continued in use, when 
lecessary, until the auditorium walls were up to roof 
evel at the end of March. This installation is described 
ater. 

From the sloping auditorium floor upwards, the 
uditorium is, as stated, a load carrying box approx- 
mately 185 ft. by 117 ft. by an average height of about 
19 ft., stiffened vertically by relatively small buttresses 
yrojecting from the inner face at 25 ft. centres, and 
,orizontally by slabs 6 ft. 6 in. wide at four levels, 
€., 53-00, 64.00, 78.00 and 86.50, the level of the top 
Mf the wall thickening, forming a seating for the roof 
russes, being 103.00. The inner edge of these promenade 
labs was supported by columns from which cantilever 


Reinforcing steel being fixed for the balcony beam 
and torque box 


yeams projected inwards at various intermediate levels 
0 support the boxes. 


It was also essential, in order to regain some of the 
ime lost, to construct the auditorium walls as rapidly 
is possible. It was therefore decided to divide the con- 
struction into two : (a) the buttresses with their project- 
ng bits of walling, which would be taken up as isolated 
olumns, keeping this construction some 12 ft. o in. 
head of (b) the infilling between. This enabled the 
nost skilled craftsmen to be concentrated on the 
Juttress section, thus ensuring accuracy and the 
lesired rate of progress and leaving the greater area of 
walling as a relatively simple repetitive operation, the 
ilignment of work being controlled by the accuracy of 
he work on the buttress. 


Timber shuttering was used for the buttress con- 
struction to enable a joggle joint to be readily formed, 
and the splice bars left projecting to form up with the 
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remainder of the wall. The method of shuttering used 
for the rest of the wall consisted of 24 in. square patent 
steel panels clamped back to tubular scaffolding runners. 
These runners were only intended to give lineability, 
the two faces of steel panels being held together during 
filling by standard metal spacers. The concrete in these 
walls was filled in 4 ft. lifts and 8 ft. height of shuttering 
was provided around the whole perimeter of the audi- 
torium. By using an 8 ft. min. length of vertical tube 
runners, the shuttering to any 4 ft. height was always 
positioned from the previous lift cast, although in view 
of the extreme accuracy required, it was essential to 
be able to make minor adjustments at each lift. The 
final check after construction was complete to the 
top of the wall showed a maximum error + j in. 


In order to avoid dismantling the whole of the 
shuttering to the inner face at each floor level, which 
would have delayed the wall construction while the 
promenade slabs were constructed, a horizontal chase was 
formed in the face of the wall and splice bars cast in, 
permitting the wall shuttering to continue upwards 
without interruption. This chase was 2 in. deep and 
the ends of the U-shaped splice bars were bent long- 
itudinally within the depth of the chase to avoid drilling 
the shutters and causing difficulties in fixing of steel 
and removal of shuttering. The splice bars were 
subsequently bent out, and the face of the chase hacked 
to enable the promenade slab construction to proceed 
immediately after the wall shuttering had been raised 
above slab level. The top of the ro in. inner skin wall 
was thickened out to 18 in. for a depth of 21 in., to 
accommodate the truss bearing plates, and the fixing 
bolts of which there were No. Io 14 in. diameter at each 
end of each truss. Holes were formed in the top of this 
thickening to take these bolts by means of a light steel 
mesh wrapped round tapered timber plugs, the plugs 
being withdrawn a few hours after concreting. The 
time taken to carry out this part of the construction 
from 53.00 level to 103.00 level was I0 weeks, and 
although low temperatures were experienced for about 
two weeks, the steam installation proved satisfactory 
and no time was lost. 


The construction at the north or river end of the 
auditorium lagged slightly, due to the complicated 
nature of the buttress supports to the main balcony beam 
which were incorporated with the inner skin wall, the 
reinforcement at these points being extremely heavy 
and intricate. To prevent this part of the work lagging 
too far behind the remainder, it had been decided to 
allow the walls and buttresses to proceed and to construct 
the balcony at a later date. The reinforcement was 
detailed to allow for this, and large haunches and a 
complete strip of balcony construction was cast mono- 
lithic with the adjacent buttresses. 


During the critical stage of construction described 
above, which was essential to allow the auditorium roof 
construction to commence, a night shift varying between 
fifteen and twenty men were employed to enable work 
to be carried on almost continuously at any point that 
was lagging or that was likely to prove a source of delay. 
To permit this arrangement, and also to enable the 
whole labour force, if required, to continue after 4 p.m. 
during winter months, arc lamps were erected at selected 
points around the whole perimeter of the building, and 
two internal towers provided with a group of arc lamps. 
Mobile arc lamps were also available to give a concen- 
tration of light wherever necessary to ensure the work 
being carried out under good working conditions. 


Having completed the work necessary to enable 
erection and positioning of roof trusses to commence, 
the main gangs reverted to the construction of the 
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wings, which had been temporarily stopped at 53.00 
level. At the same time, the construction of the balcony 


was commenced, together with various internal staircases 
below auditorium level which had been omitted. 

Various methods of placing the roof trusses in position 
were investigated at an early date, but objections were 
raised against most of the usual methods, mainly due 
to their preventing or delaying other work proceeding 
during the same period. It was finally decided to hoist 
and assemble the trusses at the south end of the job 
and travel them along the auditorium in pairs by means 
of bogies at each end running on rails. A 4o ft. high 
gabbard constructed of ex-military steel trestling was 
erected close to the building at the south end with a 
ten-ton 120 ft. jib electric crane mounted on top. The 
trusses were fabricated in works at Greenwich and 
delivered by road in half trusses, transport having to 
be carried out in the early hours of the morning due to 
traffic considerations. 

A temporary steel platform was ‘erected on the 
12 in. thick ventilation plant room floor slab, which 
projected about 25 ft. from the south end wall and ran 
the full width of the auditorium. This slab was 22 ft. 
below the general soffit level of the roof trusses, and was 
used as a working platform for the steel erectors. Each 
half truss, weighing about ten tons, was hoisted to this 
assembly platform immediately on delivery, the ends 
being supported on the travelling bogies and the centre 


View from Hungerford Bridge when nearing completion 


on the temporary steel platform. Two trusses were 
assembled at a time, to give lateral stability whilst 
travelling along the building. The bogies were pulled 
along by means of hand winches located at the far end 
of the building, and white marks at 12 in. centres on 
each bogie track served as guides to enable the movement 
of the bogies to be controlled to ensure uniform travel 
and avoid racking. The time taken for moving each 
pair of trusses varied from six hours for those at the 
north or far end of the auditorium to half-an-hour for 
those nearest the assembly platform, the total number 
of twelve trusses taking four weeks from the date of 
delivery of the first truss to the positioning of the final pair. 

End bearings of the trusses were on rocker plates, 
the lower plate of the rocker being placed in the finished 
position and temporarily supported at its correct level 
by means of steel packing plates, and the top half being 
attached to the truss itself. Jacks were incorporated in 
the bogies for lowering the trusses about 4 inches on 
arrival at the final position. Grouting up of bolt holes 
was carried out to each pair of trusses after the following 
pair of trusses had been completely braced and tied, 
and the 2 in. space between the top of the concrete walls 
and the underside of the bearing plate filled by means 


made to counteract this extension. 
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of dry packed concrete, using a I: 14: 
maximum aggregate. 

In order to prevent the extension of trusses under 
their final dead weight load causing cracking of the 
auditorium walls at the ends of the auditorium, where 
they were restrained by the end walls, the three trusses 
at each end were designed to permit adjustments to be 
This was done by 
incorporating a pin joint in the top chord at midspan 
and a sliding joint connection in the tie member, also 
at midspan, with provision for inserting a 150 ton 
hydraulic jack to enable the length of the truss to be 
shortened when part of the dead load was applied. 
Under partial load, the first truss from the end showed 
an extension of 0.1 in. and required a force of eighty tons 
to draw it in 0.28 in. before the remainder of the dead 
weight was applied. The amount of adjustments made 
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in the trusses varied in accordance with calculations © 


made by the engineer, and was such as to spread out 
the deformation of the wall uniformly over the end 
50. ft. lengths instead of concentrating it all within the 
end 12 ft. 6 in., which would in all probability have 
caused serious cracking to occur. 


The roof construction consisted of two skins of 
concrete with a space between varying from 1 ft. 8 in. 
deep at the crown to 3 ft. 6 in. at the sides, the lower skin 
spanning on to the steel trusses at 12 ft. 6 in. centres 
and the upper skin being supported on 4 in. thick 
reinforced concrete sleeper walls at 6 ft. 3 in. centres 
parallel to the trusses. A:2 in. thick blanket of fibre glass 
was draped over the tops of these sleeper walls to form a 
continuous blanket over the whole of the auditorium, 
the upper skin slab being thus entirely isolated from the 
construction below. This arrangement of roof con- 
struction was decided upon to meet acoustic require- 
ments, and was the result of exhaustive tests and: 
experiments carried out at the commencement of the 
contract, both with regard» to the roof and wall 
construction of the auditorium. 


To establish the requirements for acoustic purposes, a 
small test building, 21 ft. by 18 ft. was built adjacent to the 
public steps leading up to the footpath across Hungerford 
Bridge, the walls and roof being a replica of the proposed 
actual construction. It is of interest to note, in passing, 
that although the proximity of Hungerford Railway 
Bridge and Viaduct made it appear an unfortunate choice 
of site for a Concert Hall, it was proved that the problem 
of noise was no more severe than would have existed 
on any site for a similar type of building, since the noise 
of jet aircraft overhead was the governing factor. 

The lower skin of the roof construction had been 
designed to function in conjunction with the top chord 
of the roof trusses, which were filled with concrete 
monolithic with the slab. It was undesirable to cast a 
normal im situ slab with the problem of shuttering at 
a height of about 70 ft. above the auditorium floor 
below, 
adopted. This consisted of triangular shaped welded 
rod lattice ribs with a 2 in. thick concrete sole board cast 
around the two bottom bars, a single round bar forming 
the compression member during erection. These ribs 


and a patent pre-centred construction was_ 


were at I ft. g in. centres, the space between being filled - 


with small precast slabs 2 in. thick, spanning on to the 
soleboards of the ribs. The ribs and slabs were designed 
to span between the top chords of the trusses and to 
support a 4 in. thick 7m sitw topping slab and live load 
during construction. This arrangement, in conjunction 
with sheet metal tack welded to the lattice bracing on 
the soffit of the top chord obviated the necessity for 
any shuttering except in special places, and again saved 
valuable time in the construction of the roof cladding. _ 
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A similar type of construction was used for the upper 
slab of the double roof, since the space between the 
_two slabs was insufficient for the removing of shuttering 
and an entirely precast construction did not satisfy 
the acoustic requirements. In this case, however, the 

m situ topping concrete was only 2 in. thick, and the 
top member of the steel lattice ribs consisted of a 
in. by 1 in. steel channel with a continuous hardwood 

fillet. These fillets served as screeds for the 7m situ slabs, 
since they were flush with the top surface, but were 
primarily intended as a means of fixing for the insulating 
board and copper which completed the roof covering. 
In both the upper and lower slabs, additional reinforce- 
_ment was added before the 7m situ concrete was placed. 

The lower skin of roof construction was completed by 
July, 1950. 

- Whilst the roof construction had been proceeding, 

many finishings, including fibrous plaster ceilings, had 
commenced below the auditorium floor and, since the 

Jatter was by no means watertight due to openings etc., 

for various services, construction of the balcony had also 
been completed whilst the roof was in progress. The 
balcony took the form of a triangular shape torque box, 

the horizontal slab at the soffit and the sloping slab 

supporting the precast steppings both acting in con- 

junction with the main beam itself, the total weight 

which had to be supported during construction being 
about 300 tons across the 104 ft. span. Since the floors 

below were not capable of carrying this very considerable 
load, propping had to be carried down to the foundations, 
in some places passing through four floors. In order to 

allow the installation of Engineering Services to proceed 
unhindered, temporary lattice steel stanchions in 

standard 8 ft. lengths were used to divide the span up 
into four, and thus concentrate the props necessary at 
intermediate floors. Where necessary, several of these 
8 ft. lengths of stanchions were bolted together to give 
_ the required height, timbering being used where required 
_to make up the required level. These towers were capable 
of supporting up to 60 tons, and were supported at 
each floor on four 20 ton bottle jacks to permit of 
adjustment. The towers were in pairs at about 25 ft. 
centres along the main beam, and the bottom 2 ft. 6 in. 
depth of beam was strong enough to carry the weight 
of the remainder of the beam above across this 25 ft. span, 
so that the subsidiary propping between the towers only 
had to support the weight of this first lift of 2 ft. 6 in. 
depth of main beam, thé auditorium floor immediately 
below the balcony being capable of taking this weight. 


_ Concreting of the bottom horizontal slab of the balcony 
construction, which varied in thickness from 5 in. to 
II in., was carried out in four sections with joints running 
from front to back of the balcony and incorporating the 
bottom flange of the main beams. The web of the beam 
was then cast in two lifts across the full width between 
the brackets left projecting from the buttresses, and 
finally the sloping top slab, incorporating the top flange 
of the main beam, cast in four sections similar to the 
bottom slab. The concrete used in the balcony con- 
Struction was I : 1$ : 3 mix, using rapid hardening 
‘cement, and the subsidiary propping was removed ten 
days after the last section of sloping slab was cast. 

In placing the main steel lattice supports, the jacks 
under each section had been tightened to ensure 
absolute tightness between floors, deflectometers being 
positioned adjacent to each prop at every floor to 
enable this tightening to be controlled and to avoid 
amage to the structure. Due to the considerable 
Variation on the relative stiffnesses of the floors below, 
this was of considerable importance. During the whole 
casting period of the balcony, daily readings were taken 
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at every point and the actual deflection of each inter- 
mediate floor tabulated so that the effect of each incre- 
ment of load was readily seen. 

A pair of stanchions at the west end of the beam had 
to be supported on heavy R.S.J.s spanning about 
35 ft. on to adjacent column bases, since at this point 
no basement existed, and the ground floor slab itself 
was suspended and totally inadequate to support this 
pair of temporary stanchions. In this case, the jacks at 
the base of the stanchion had to be periodically adjusted 
to take up the deflection in the relatively slender 
R.S.j.s and to prevent the permanent floor above 
being seriously overstressed. 

After all the subsidiary propping had been removed, 
leaving only the main props, these were finally lowered 
by operating the jacks under the props between the 
balcony and the auditorium floor. This was carried out 
in pre-determined stages and to a varying amount at 
each prop, approximately proportional to the anticipated 
deflection at each point. The maximum deflection was 
0.32 in., which compares well with the theoretical 
calculated deflection of 0.246 in. 

The stepped floor above, both the sloping auditorium 
and balcony slabs, was constructed of precast concrete 
units. Those to the auditorium were supported on 
sloping reinforced concrete beams extending through 
the auditorium at 4 ft. and 7 ft. centres, and supported 
on brick piers with small reinforced concrete columns 
for rigidity where beams occurred below. This arrange- 
ment permitted all ventilation and other service ducting 
etc., to be accommodated between the sloping and the 
stepped floors, to which access is easily obtained. 

The precast steppings to the balcony rested directly 
on the tm situ construction horizontal stoolings, dowel 
bars having been incorporated in the sloping top slab. 

The construction of the wings was completed to 
general roof level at 87.00 by the end of July, the work 
above this level being in the nature of pent houses and 
not presenting any major problems, 


Concreting Methods 


The concrete mixes used were I : 3: 6, I: 2: 4, 
I:1.8:3.6 and 1: 14: 3, the approximate quantities 
of each being as follows :— 

8,800—Yds. cube—1 : 3 : 6 mix in blinding and 
protective screeds. 
—Yds. cube—I : 2 : 4 mix in mass concrete 
foundations. 
27,500—Yds. cube—1 : 1.8 : 3.6 mix in reinforced 
concrete work generally. 
—Yds. cube—I : 14 : 3 mix in balcony con- 
struction. 

The average daily requirements necessary to meet the 
construction programme were 285 yds. cube during 
the foundation construction and 104 yds. cube during 
the construction of the superstructure. The construction 
of the building, however, not being of a repetitive nature, 
meant that the productive capacity had to exceed these 
average figures, and in actual fact, peak outputs of up to 
390 yds. cube a day on foundation work, and on super- 
structure work 190 yds. cube were reached. 

Considering the major requirements and conditions, 
it was decided that the main concrete delivery should 
be by means of pumps, augmented by independent 
mixers and hoists stationed at the four corners of the 
site to cater for staircase construction and small quan- 
tities in isolated areas. 

Various considerations led to the main mixing station 
being located on the south side of the Shot Tower, a 
horizontal distance of some 250 ft. from the centre of 
the building. 
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The main mixing station consisted of two 6 in. pumps, 
each with a maximum output of 20 yds. cube an hour, and 
each served by two 18/12 enclosed drum mixers, 
mounted on staging to avoid the pumps having to be 
sunk far below ground level. Each pair of mixers was 
served by a weighbatcher with a two-compartment bin 
of a combined capacity of 13 yds. cube per weighbatcher, 
the cement being gauged independently. A two-way 
delivery chute was fitted to the discharge of the weigh- 
batchers. 

During the period of the foundation construction, 
a 5-ton steam crane was employed for loading purposes 
behind each weighbatcher, but for the superstructure 
work, one crane was sufficient to keep both batching 
plants supplied due to the reduced output required. 
Concrete-lined bins were formed for aggregate storage, 
with a capacity of 500 yds. cube. 

The reinforced concrete was vibrated, various methods 
being employed to suit the particular requirements 
and positions of each member. Immersion vibrators 
were used generally for beams and slabs, electrically 
driven needle type being employed where the spacing 
of the reinforcement precluded the use of the normal 
immersion vibrator. Kango type hammers with special 
attachments were used on the faces of column and wall 
shutters. All work was, however, punned in addition 
to being vibrated, the percentage of steel in columns 
and at beam junctions being high. Walls, generally, 
were concreted in four foot lifts and columns in six foot 
lifts, although in some instances it was necessary to 
reduce this considerably where the reinforcement was 
particularly congested at, for instance, splices imme- 
diately above floor levels. Compressed air was used for 
cleaning out the shutters, the compressor also serving 
to blow out pump pipelines. 

In the case of foundations and floor slabs, which were 
generally Io in. thick, the concrete was delivered by 
pipeline direct into position, but walls, etc., were filled 
by barrowing from a storage hopper supplied by the 
pump pipeline. 

When construction was at a height of about 40 ft., the 
limit at which the pump would satisfactorily operate 
was reached, since in addition to this height, a horizontal 
distance of up to 400 ft. had also to be covered, including 
a number of bends. One of the two pumps was, at this 
stage, transferred to the floor of the auditorium and 
utilised as a booster to the pump remaining at ground 
level. This reduced output, but at this stage of the work 
the requirements were also reduced. The ground level 
pump was used to feed a normal 14 yds. cube floor hopper 
positioned above the pump in the auditorium, and this 
in turn discharged into the hopper of the booster pump. 
It was found that by using the usual method of electric 
bell communication, the storage hopper provided a 
sufficient buffer between signals and this system of 
relaying concrete proved quite successful and enabled 
concrete to be pumped a total of 400 ft. horizontally 
plus go ft. vertically from the main mixing station. 

All concrete production and placing was under the 
control of a Concrete Control Engineer, assisted by 
Supervising Engineers in the various sections of the 
work. The ratio of coarse to fine aggregate was varied 
to give the best possible combination, frequent grading 
tests being carried out and the combination adjusted 
when warranted by any variation in the grading. The 
ratio of combined aggregate to cement was not varied. 
In addition to the cement suppliers’ tests, samples of 
cement were also taken regularly from site for testing 
in the London County Council Laboratories. 

Test cubes were generally crushed at seven days’ 
age with cubes from the same set being periodically 
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tested at 28 days’ age. Seven-day crushing strengths 
obtained with normal Portland cement concrete varied 
from 2,000 to 3,500 lb. per sq. in., although in the main 
they were between 2,000 and 3,000 Ib. per sq. in for 
I: 2:4 mix and from 2,000 to 4,500 lb. per sq. in. for 
the 1: 1.8: 3.6 mix. A similar range of strengths was 
obtained when using rapid hardening cement during 


_ the cold weather period. 


As previously mentioned, a steam installation was 
employed to ensure, as far as possible, the continuity of 
work during the winter months. This installation 
consisted of 4 steam boilers capable of producing 600 Ib. 
of steam per hour, and were placed in the basement at 
the south end. A vertical riser main fed a ring main 
round the inner face of the auditorium walls at approx- 
imately auditorium floor level, the construction pro- 
ceeding during the winter months being mainly the 
auditorium walls and promenade slabs, etc. From this 
ring main, vertical riser pipes were carried up at 25 ft. 
intervals around the perimeter, these risers being 
extended with the construction as the work proceeded. 
From these risers, flexible armoured hose was used to 
supply steam to any section of the work, sparge pipes 
being run along the member or area to discharge steam 
uniformly into a confined space surrounding the member 
or area. Day and night attendance was maintained, 
and the system put into operation when the temperature 
reached about 35°F. A steam supply was also provided 
to the four staircase blocks, since it was essential to 
maintain progress at these critical points. 

In addition to the steam heating designed to maintain 
the temperature of the concrete after it had been 
placed in position, the mixing water was heated to 
between 120° and 140°F., and rapid hardening cement 
used. Steam pokers were inserted into the stock piles 
of aggregates, which were also protected. The top 
surfaces of slabs were protected by means of timber 
frames surrounded with building paper and two thick- 
nesses of hessian, the air space in the cavity being about 
3 in. deep. In order to avoid loss of temperature along 
the length of the pump pipeline, this was lagged with 
hessian, protected by roofing felt. In view of the 
exposed position of the main mixing station, screens 
were erected to the full height of the pumps and batching 
plant to shield the whole of this plant from cold winds. 

During the cold weather spells that were experienced, 
temperatures of the concrete were regularly taken at 
both the mixing point and at the point of placing, and 
for 24 hours after placing. With the precautions 
described, it was found possible to maintain a concrete 
temperature of about 55°F. with the atmospheric 
temperature ranging from 38°F. during the day to 
28°F. at night. The temperature of the concrete 
discharged from the mixer was about 67°F. 


Reinforcing Steel 


Reinforcement was cut and bent on site, a steel- 
bending yard being established on the south side of 
Belvedere Road. The structure contains approximately 
2,600 tons of reinforcing bars of diameters from } in. tc 
14 in. 

The plant employed in the steel yard consisted of 
a 74 ton, 105 ft. jib electrically driven derrick to1 
unloading and loading purposes, two power bending 
machines, and various other cutting and hand bending 
machines. Steel was transported by lorry from the 
steel yard to various points around the perimeter o! 
the building and hoisted by means of apron hoists. 

Steel fixing, generally, was extremely intricate on ac- 
count of the nature of the joband the size of many member: 
was reduced to meet the architectural requirements. 
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Reinforcing bars were in some places butt welded by 
means of a single “‘ V ”’ preparation, in conjunction with 
a half round steel cover plate. Due to site conditions, 
it was not possible to employ double “ V”’ welds, the 
welding having to be done in position, and it being 
practicable to reverse the bars as would have been 
necessary if the double ‘‘V”’ system had been employed. 


Main bars in the balcony beam proper were welded, 
the bottom reinforcement in the main flange containing 
up to 65 14 in. diameter bars with 12 1} in. diameter bars 
in the, top flange at mid-span. This beam contains 
86 welded joints. The main beams in the auditorium 
floor, between the buttresses supporting the main 
balcony girder act as a tie member to the main portal 
frame and the longitudinal bars in this line of beams 
are also welded, involving 72 welds in 1} in. and 14 in. 
diameter bars. In addition the 44 14 in. diameter main 
bars in the bottom of the auditorium wall, spanning 
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General Trades 


The portion of the complete building so far described, 
whilst it forms such an important part of the whole, 
and governed the speed of the general programme of 
construction, still represents only 30 per cent. of the 
total cost. The remainder is, of course, spread over the 
General Building, Finishings, and Specialist Trades. 

As would be expected, practically the whole compass 
of the building industry is represented in the completed 
structure. It is considered beyond the scope of this 
Paper to deal with this in equal detail to the foregoing. 
The important point to appreciate, however, is the 
relative volume of work in the two sections and the 
necessity which existed from the outset to get the other 
trades fitted in and working on the site, as early as 
adequate working space could be provided. 

The basements were invaded by bricklayers as soon 
as the shuttering was removed to give them room, and 
these were fairly rapidly followed by other trades. The 
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84 ft. clear between the two oval shaped columns were 
welded. 


The steel was delivered in mill lengths. To minimise 
waste, short lengths of the larger diameters were welded 
together. This welding was carried out partly in the 
ite steel bending yard and partly in works off the 
site. Altogether, a total of approximately 1,220 welds 
were made, this work being supervised and periodically 
pected by a representative of Lloyds. Test pieces 
ere cut from each member, and test results obtained 
efore the members were concreted. 
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Fig. 6.— Building programme 


Schedule shown in Fig. 6 indicates when the various 
operations were commenced and the period occupied in 
completing their work. 

Whilst the race to get the roof on was a main con- 
centration, it was also necessary to clothe the building 
as quickly as possible, and a start was made on the 
stonework on March 2nd, 1950, on the north east 
elevation. The stone used is Portland stone, and is 
generally in plain ashlar, secured to the concrete 
structure by metal anchors connected to dovetailed slots 
cast in. Aswillbeseen from the photograph (Fig. 5) whilst 
the area of stone facing is considerable, a large percentage 


go 


of each elevation is occupied by the large windows 
already mentioned. These are in aluminium on structural 
steel framing with teak surrounds. 

In addition to the normal windows, are the large 
glazed entrance doors and screens on the south west 
and north east elevations. These are constructed of 
steel frames cladded in aluminium, the glass panels 
being in armoured plate. 

The south elevation, in its temporary finishing, will 
remain like this until it is possible to construct the 
small concert hall and permanent elevation when the 
new Belvedere Road is available. 

Continuing with the exterior work, the covering to 
the main roof over the auditorium, the outline of which 
forms such a distinctive and intriguing feature of the 
building is of copper, as earlier stated. The remainder 
of the roof areas being covered with bitumen sheeting. 
protected by a cement paving cast 7m situ. The flat areas 
of roof at 78.00 level are promenade areas, and the 
gardens there will undoubtedly prove an attractive 
feature, being pleasantly situated vantage points from 
which to view the surrounding City. 

Internally, and working downwards from the highest 
point, we have the large space contained within the 
depth of the Structural Steel Roof. This is occupied 
largely by the distribution ducts of the ventilating 
system and the electrical services. The suspended 
ceiling constituted an important feature in the con- 
struction programme, as this is of 2 in. thick shaped 
fibrous plaster, secured to a steel framework suspended 
from the Steel Roof Trusses. Advantage was taken of 
the holes to be ‘provided in the ceiling for lighting, to 
position steel cables fixed to the steel roof trusses, and 
thus obtain a suspended scaffold platform which 
covered the complete area of the auditorium. This 
scaffold was adjustable in height by means of hand- 
operated winches, and it was thus possible for the 
work on the ceiling and in the roof space area to continue 
without being interrupted, or interrupting, the work 
below. 

The structural work to the boxes is in reinforced 
concrete the fronts being finished in fibrous plaster slabs. 

The side walls of the auditorium are finished in elm 
veneer panelling, a particularly interesting detail being 
the knuckle bone design of panelling employed. 

The rear or North wall is panelled in leather, fixed to 
special metal framing supports attached to the wall. 

Another particularly interesting feature is the floor 
finish in front of the platform. This consists mainly of 
a large area of polished slate, and forms an important 
part of the acoustical treatment. 

The stepped floor has already been mentioned in the 
first part of this Paper. In the space beneath, that is 
between the sloping reinforced slab and beam structure, 
and the steppings which carry the seating accommoda- 
tion, are the ventilation ducts for extracting the air 
through openings formed in the recess of the steppings. 

The treads of the steppings are finished with timber 
nosings and cork slabs, also selected to satisfy the 
acoustic requirements of the hall. 

The whole internal surface of the vast hall has, as 
would be expected, had to be considered from this 
aspect, and the architects and the acoustical experts 
have undoubtedly satisfied the requirements by a most 
intriguing selection of materials which has added 
considerable interest to the whole project. 

Externally, the walls of the auditorium, that is the 
walls dividing the auditorium from the upper foyers 
and promenade paces, are covered with slabs of 
polished Derbyshire marble. These are fixed to the 
walls by means of copper cramps. 
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The permanent paving to the adjoining landings and 


promenade areas consists mainly of hardwood strip 
flooring and Derbyshire marble. 
The restaurant, which is.situated at 40.00 level, is 


delightfully placed, overlooking the Terrace Gardens 


and the river. The external column finish to this area 
is again in the attractive Derbyshire marble. No further 
details are given of this accommodation, as it is felt 


' to be almost certain that members of the Institution 


and visitors will soon make themselves familiar with 
the facilities provided. 

No attempt will be made to describe the staircases 
generally, but two interesting and unusual staircases 
are worthy of some special attention. A circular staircase 
connecting the two restaurants and the staircase 
leading from the auditorium to the main foyer; this 
latter one being of the dog-legged variety. 

In both cases, concrete forms not only the structure 
but also the finish, with the exception of the treads, 
which in the former are of black terrazia slabs canti- 
levered over 2 ft. 4 in. beyond the concrete structure. 
The latter staircase is similar, except that the treads 
are of laminated hydulignum, cantilevered over the 
edge for a distance of 3 ft. 5 in. 

The columns in this main foyer at 28.00 area are 
circular, as described, but are finished in stucco marble, 
Italian craftsmen being specially brought over to carry 
out this work. The adjoining columns in the wings are 
also circular and are covered in strip ash. 

The main entrance ard foyers at 24.00 level provide 
an. atmosphere of spaciousness, the area being made 
available by the elevation of the auditorium. This 
generous area will undoubtedly facilitate the entrance 
of the patrons and avoid the more customary crush. 
It is characteristic of the treatment that the term 
“Crush Hall’ need not be employed. 

A further interesting feature in this area is the huge 
egg-crate lighting unit in the ceiling, occupying a space 
of 84 ft. 6 in. by 19 ft. 8 in. 

Immediately outside the north entrance is the famous 
wych elm which, fortunately for the contractors, still 
appears to be in a mood to take advantage of the 
coming spring. It has been tended with all the care 
natural even to builders, who probably at heart are 
still first class gardeners. . 

The basements and lower floors, as already described, 
are extensive. No particular feature of finish has been 
used, but the ample space provided accommodates the 
services which will add to the comfort and well being of 
the visitors to the Concert Hall, housing, as it does, 
the kitchens, heating, and plant for the mechanical 
services. An unusual provision is that for connection 
to the heat pump, which it is intended to form one of 
the features of the Festival of Britain. 


Site Organisation 


The construction of the Royal Festival Hall has, so 
far, been mainly expressed as having involved drawings 
and charts and so many tons and cubic yards of this 
and that, but embodied in this interesting and involved 
structure is the labour of many hundreds of workmen, 
and at this stage of our review we would like to acknow- 
ledge the efforts they made and the good work they 
have completed. 

When planning work of any kind, but particularly 
on a contract of this type, the importance of the 
workmen stands out predominantly. To bring together 
large numbers of workmen of the wide variety of trades 


and skill required to complete a large and complicated | 


building and to weld these into an efficient team is one 
which we consider deserves more attention than it 
normally receives. 
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_ This is a problem which concerns all the main parties 
to the contract, the architects, the engineers, and, of 
course the contractors. In this particular instance the 
contractors were fortunate in that they had an appre- 
ciable force of key men available ; men between whom 

_a common link already existed, even though they came 
from different contracts, and who could be relied upon 
not only for their knowledge and skill but for the loyalty 
and interest which they would put into the task. The 
problem of welding together the whole force, as it was 
gradually built up into a team, that knew what it was 
building and what it was expected to do, and the import- 
ance of their individual work in regard to the whole 
structure, had to be completed. 

_ We feelit is, therefore, important to give some details 
of the simple methods by which these considerations 
were applied and by which the interests of the men in 
their work was undoubtedly increased, with considerable 
benefit, not only to the men, but also to the contract. 

_ The contractors set out from the outset to provide 

good working conditions, although the difficulties and 
the restricted space on the site made this sometimes 
more than usually difficult. 

In addition to the now usual facilities for welfare 
of workmen, good canteen accommodation and service 
was provided, and this provision of space was often used 

_ for purposes other than satisfying the ‘ inner man.’ 

In the early days of the contract, particularly before 
the structure began to take on the main shape, which 
tended to explain itself. 

_ Several means were used to explain to the men the 
scheme—by simple diagrammatic drawings, charts and 
models. These and other methods were constantly used 
to explain the importance of the various sections and 
the general method of construction. Progress targets were 
expressed in terms of positions as well as in manhours of 

_ work involved and the volume of material to be employed. 

These steps were taken to identify the men with 

_ their work and to arouse their interest in the building 
they were constructing. Joint production meetings 
were held once a fortnight between representatives of 
Management and the men, the latter being represented 
by a member from each trade. Matters raised were later 
investigated jointly if it was not possible to reach a 

decision at the meeting. An incentive scheme was 
operated for all trades throughout the course of the 

contract, and the wide and varied nature of the work 
made it necessary for a small staff to be constantly 

_ employed fixing targets for various units of work and 
agreeing them with the men’s representatives. 


News letters were issued to the men regularly, giving 
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The work on the site was divided into two main 
divisions — (1) All the reinforced concrete work, 
(2) Building and General Trades. The reinforced 
concrete work was in charge of a Senior Engineer 
responsible to the Contract Manager for carrying out 
the work in this division in conformity with the general 
plan, and collaborating with him closely on all matters 
affecting the Building and Finishing Trades which 
were the direct responsibility of the Agent—also 
responsible to the Contract Manager. 

Each division had its complement of Supervisory Staff. 

The reinforced concrete work above ground level 
was divided into three sections—the auditorium and the 
areas on either side, each of which was in charge of a 
Supervisory Engineer responsible to the Senior Engineer. 

The London County Council employed a Resident 
Engineer and Assistant Resident Engineer on the site 
during the period of carcass construction, assisted by 
a Chief Clerk of Works and four Assistant Clerks of 
Works and Inspectors, also an Engineer responsible 
for concrete control, who worked in conjunction with 
the Contractors’ Control Engineer. 

The Consulting Engineers had an Engineer resident 
on the site, thus enabling prompt decisions to be given 
immediately on any matters arising in connection with 
the structural design and reinforcement. 

The Quantity Surveyor had his staff.on the site, in 
charge of the Resident Surveyor. It is very pleasing 
to be able to state that a most excellent team spirit 
prevailed throughout the complete organisation, both 
on the site and their several headquarters, and although 
the seniors and staff were working at high pressure 
over long periods, this atmosphere existed throughout 
the contract, and contributed vastly to the manner in 
which the work was carried out. It also proved a fine 
stabiliser on the very few occasions it was tested, as 
the value of team spirit has been proved before in the 
heat of the game. 

This teamwork, plus the effective work of the remain- 
der of the team—the men engaged on the actual work 
of construction—really was the factor which produced 
this imposing structure in the time shown of 20 months. 
Careful and detailed planning of all operations has been 
employed throughout. The original master plan prepared 
and issued to the contract, whilst requiring appreciable 
adjustment fairly early on in the work for the reasons 
outlined earlier in the Paper, always served as a valuable 
guide and stimulus. 

A revised master plan was prepared in detail when 
the construction of the basement and work up to ground 
level was complete. 

Short period detailed progress schedules were prepared 


news of the site and personnel employed, explaining 
; why certain sections were at that time very important ; 
Tecording the successes already gained’ and showing 
_ where a lag in progress called for special effort. 

q This medium was also one of many employed to clear 
up the differences of opinion which must from time to 
_ time occur when large numbers of men are employed on 
work of this nature. This important task was the 
Tesponsibility of the Contract Labour Officer, and the 
‘success of his work is shown by the fact that the time 
lost through disputes was infinitesimal. It undoubtedly 
did much to obtain the good spirit which existed, and 
it was obvious to the many visitors to the site. 

The Contractors’ plan of campaign as submitted with 
the tender visualised establishing on the site a complete 
Staff unit, with a Contract Manager in charge of the 
contract. This was immediately put into effect, although 
he Head Office was only over the Bridge. The staff 
from the outset was a complete unit, but was augmented 
‘om time to time as the work developed. 


regularly, and discussed and attended to at the regular 
site meetings. These were produced at even shorter 
intervals during the most critical period of the contract. 

For many reasons, and in particular due to the fact 
that details were not available much ahead of con- 
struction, the planning staff had to expend considerable 
labour and many night hours on the preparation and 
revisions of these period charts. 

There is no doubt, however, but that they proved of 
very great value, and assisted considerably in ensuring 
that the various sections were not allowed to lag behind 
any section of the team. 

In view of the short period available by the receipt 
of drawings and the commencement of work, small 
key plans were prepared and coloured to indicate areas 
due to be constructed during the approaching week, and 
a copy of these was posted in the Architect’s office as 
a solemn warning that it was “ now or never” for the 
details of holes, fixings, etc., required in these areas. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, January 25th, 
I95I, at 5.55 p.m., Mr. Walter C. Andrews, O.B.E., 
M.I.C.E., M.I.Struct.E., (Vice-President), in the Chair. 

The Minutes of the Ordinary General Meeting held on 
November 23rd, 1950, as published in the Journal in 
January, 1951, were taken as read, were confirmed 
and signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of 
membership ? 


STUDENTS 

BANNERJEE, Hari Har, B.Sc., Calcutta, c/o Braithwaite 
Burn & Jessop Construction Co. Ltd., P-13 Mission 
Row Ext., Calcutta 1, India. 

CHATE, Hugh Joseph, 31, Cranbrook Road, Redlands, 
Bristol, 6. 

CHILVERS, Alan. 13, Ronald Drive, Denton Burn, 
Newcastle-on-Tyne, 5. 

DENSON, Francis Ronald, 17, 
Smithills, Bolton, Lancs. 

DuncaAN, George Alan, 6, Grange Avenue, Billingham, 
Co. Durham. 

Evans, Clifford John, 38, Victoria Road, Penarth, Glams. 

JONES, Royston William, 2, Station Terrace, Caerphilly, 
Glams. 

LEVELL, Peter Arthur, 11, Glenarm Road, Brislington. 
Bristol, 4. 

MALtLocu, Trevor Stuart, 63, Oban Street, Wellington, 
New Zealand. 

MARSHALL, John Derek, 78, Thackley Old Road, 
Windhill, Shipley, Yorks. 

Mason, John Francis, 186, Nottingham Road, Borrow- 
ash, Derbyshire. 

MoBED, Sohrab Framroze, Rustom Building, Room 
No. 11, Preedy Street, Karachi, 3, Pakistan. 

ORPISZAK, Boleslaw, 12, Belle Vue Road, Walthamstow, 


Burnham Avenue, 


London, E.17. 
Russofrr, Barry, 20, Bunns Lane, Mill Hill, London, 
N.W.7. 


STONE, Geoffrey Jones, Smallbrook, Staverton, Trow- 
bridge, Wilts. 

VAN BLANKENSTEIN, Louis, 505, Endsleigh Court, 
Upper Woburn Place, W.C.1. 

WYLLIE, Derek, 53, Manwood Road, Crofton Park, 
London, S.E.4. 


GRADUATES 

ASKEW, Harold, 8, Lytton Road, Droylsden, Manchester. 

BENT, Geoffrey Malcolm, ‘‘ The Hawthorns,” Bel- 
broughton Road, Blakedown, Nr. Kidderminster, 
Worcs. 

BEwick, John Raymond, 5, Lonsdale Avenue, Houghton 
Lane, Swinton, Manchester. 

GoRECKI, Alexander, 26, Farrer Road, Longsight, 
Manchester. 

HartnsworTtH, Kenneth, 7, Church Walk, Thorntree 
Estate, Middlesbrough. 

HARRISON, Richard Hayton, B.Sc. (Civil) Birmingham, 
Fox Lane Ends, Wrea Green, Preston, Lancs. 

Kinc, Gordon Arthur, 395, Bury Road, Bolton, Lancs. 


LANGDON, John, B.Sc. (Tech.) Manchester, “‘ Wych- 
wood,” Barfield, Ryde, Isle of Wight. 

Loxton, Peter Pilkington, B.Sc. (Civil) Cape Town, 
A.M.I.C.E., c/o South Africa House, Trafalgar Square, 
London. : 

PEARCE, David John, B.Sc.(Tech.), Manchester, 459, 
Altrincham Road, Wythenshawe, Manchester. 

RoBerts, Douglas Arthur, B.Sc.(Civil), Leeds, 29, 
Montagu Crescent, Leeds, 8. 

SHAIKH, Mohammad Abdul Wahab, 5, Dawood Manzil, 
Frere Road, Rambaugh, Karachi, Pakistan. 

TAYLOR, Ernest Edward Fred, 32, Roseberry View, 
Thornaby-on-Tees, Yorks. 

Ucona, Samuel Patrick Chukwuma, B.Eng., Sheffield, 
1g1, Mynachdy Road, Cardiff. 

WHITTAKER, John Basil, B.Sc.(Eng.), Manchester, 253, 
Leeds Road, Ilkley, Yorks. 

WRIGHT, Stanley Cempson, B.Sc.(Eng.), London, 35, 
Preston New Road, Southport, Lancs. 


TRANSFERS 
Students to Graduates 

Bowen, Hugh Derrick, 20, Barnmead Road, Beckenham, 
Kent. ‘ 

GRACE, John Stephenson,’8, St. Leonards Road, Waddon, 
Croydon, Surrey. 

Hamp, Eric, 11, Cannon Hill Lane, Merton Park, 
London, S.W.20. 

Keats, Gerald, 3, Clifton Gardens, N.W.11. 

Static, Alan Franklin, B.Sc.(Eng.), London, Beenham 
House, Beenham, Nr. Reading, Berks. 

THoMpPsON, Donald, 70, Avon Road, Burnage, Man- 
chester, 19. 

Wotton, Thomas Richard, 56, Harlington Road East, 
Feltham, Middx. 

Graduates to Associate Members 

BaRNES, William Gordon, 82, Thirteenth Avenue, 
Woodville North, Adelaide, Australia. 

Ryss, Jurie, B.Sc.(Eng.), Rand, 801, Africa House, 
56/60, Rissik Street, Johannesburg, South Africa. 

Associate-Members to Members ; 

CHRISTIE, William Dunlop, 27, Ebrington Road, West 

Bromwich, Stafis. 


Members to Retired Members 
BRUFORD, Stanley John, F.R.S.A., A.M.I.Mech.E., 
Chief Engineer (Construction), Munnar P.O., High 
Range, Travancore, S. India. 
MALTBY, George, 19, Waterloo Street, Glasgow, C.2. 
WuitE, Arthur Stephen, M.I.Mech.E., Grey Tiles, 
Lower Road, Bookham, Surrey. 


RE-ADMISSION 
Assoctate-Membership 


HANRAHAN, Edward Thomas, M.Eng., A.M.1.C.E., 
go, Bushy Park Road, Rathgar, Dublin. 


OBITUARY 


The Council regret to announce the deaths of Francis 
Edson Drury (Past-President), Kenneth DunpDas and 
Edward MEREDITH (Members). 


RESIGNATIONS 


Notification was given that the Council had accepted 
with regret the resignations of George Henry FARLEIGH, 
Ernest Henry MaAcMILLEN (Members); Oliver Joseph 
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Jeparatnam Watson, Oswald Wricut (Associate Mem- 
bers) ; Norman Frederick Batr (Graduate). 


HONOURS AND AWARDS 


In offering their sincere congratulations to the 
following members on the distinctions recently conferred 
upon them, the Council feel that they are also expressing 
the good wishes of the Institution. 


ORDER OF THE BriTIsH EMPIRE—C.B.E. 
Mr. Henry Berry (Honorary Associate). 
Dr. Oscar FABER (Past President). 
Mr. N. WYNNE-JONES (Member). 


ORDER OF THE BRITISH EMPrRE—O.B.E. 
Mr. J. E. SwInpLenurst (President). 
Mr. L. Scott-WHiTE (Past President). 


ORDER OF THE BRITISH EMPIRE—M.B.E. 
Mr. C. A. MARQUES (Member). 


OVERSEAS REPRESENTATIVE 


_ The Council have appointed Mr. A. J. Francis, M.Sc., 
A.M.I.C.E., (Associate-Member), to be the Institution’s 
Representative in Victoria and New South Wales, 
Australia. 


"REPRESENTATION ON OUTSIDE COMMITTEES 


The Council have made the following nominations of 
members to represent the Institution :— 


City oF NOTTINGHAM EDUCATION COMMITTEE 
(ADVISORY COMMITTEE) 
Mr. G. Drysdale (Member). 
Mr. C. Probert (Associate-Member). 


RoyaL TECHNICAL COLLEGE, SALFORD 
(ENGINEERING ADVISORY COMMITTEE) 


Mr. J. Kershaw, Junior (Member). 


RESEARCH AWARDS 


The Council have made the following awards for the 
Session 1949-50 :— 


; RESEARCH MEDAL 


Professor J. F. BAKER, O.B.E. (Member), for a paper 
entitled ‘‘ The Design of Steel Frames.”’ 


RESEARCH DIPLOMAS 
| Mr. S. Mackey (Associate-Member) and Mr. D. 
_Brotron (Graduate), for a Joint Paper entitled ‘‘ An 
Investigation of the Stress Distribution in a Welded 
Plate Girder for the Margam Plant.” 


# 
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&: INSTITUTION PUBLICATION 

The following publication has been reprinted and 
it has been necessary to increase the sale price to 2s. 6d. 
— 10(I1)1946 ‘“‘ Formulae for Computation of Stresses.”’ 


; FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 


Thursday, March ist, 1951 
The MacLachlan Lecture. Mr. W. Shearer Smith, 
-A.M.I.C.E. (Associate Member), on “Cold Formed 
sections in Structural Practice with a Proposed Design 
Specification,’ 6 p.m. 


Thursday, March 8th, 1951 
_ Ordinary Meeting at 6 p.m., when Mr. C. L. a’Court, 
.Se., M.I.C.E., will present a paper on “Special Treat- 
nent for Portland Cement Concrete.” 
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Thursday, March 29th, 195% 

Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. E. Roland Hole (Member), and Mr. F. C. Eales 
(Associate Member), will present a paper on ‘‘ The 
Construction of the Royal Festival Hall.’’ 


Thursday, April 5th, 1951 
Joint Meeting with the British Section of the Société 
des Ingénieurs Civils de France at 6 p.m., when a paper 
on “ The Boracic ‘ Soffioni’ of Tuscany and their Develop- 
ment at Larderello,” by Dr. Alfredo Mazzoni will be pre- 
sented by Mr. Peter Gerard, B.Sc., A.M.I.E.E. (Member). 
The paper will be illustrated by lantern slides and a film. 


Thursday, April 12th, 1951 
Ordinary Meeting at 6 p.m., when Lt.-Col. G. W. 
Kirkland, M.B.E. (Member), and Mr. A. Goldstein, 
B.Sc.(Eng.), A.C.G.I., D.I.C. (Graduate), will present 
a paper on “ The Design and Construction of a Large 
Span Prestressed Concrete Shell Roof.” 


Thursday, April 26th, 1951 
Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Dr. K. Hajnal-Konyi (Member), will present a 
paper on “‘ Comparative Tests on Various Types of Bars 
as Reinforcement of Concrete Beams.” 


Thursday, May 24th, 1951 

Annual General Meeting. 

Members wishing to bring guests to the Ordinary 
Meetings announced above and to the MacLachlan 
Lecture are requested to apply to the Secretary for 
tickets of admission. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


The Annual General Meeting of the Section will be 
held at 11, Upper Belgrave Street, London, S.W.1, 
on Tuesday, March 13th, 1951, at 6 p.m., when the film 
“The Failure of the Tacoma Narrows Bridge” will 
be shown. 

Hon. Secretary: W. S. Twelvetrees, 6, Dell Road, 
Enfield Wash, Middlesex. 


EXAMINATIONS, JULY, 1951 


The Examinations of the Institution will be held at 
centres in the United Kingdom and Overseas on July 
17th and 18th (Graduateship), and July 19th and 2oth 
(Associate-Membership). 


SESSIONAL PROGRAMME, 1951-52 


The Literature Committee are now considering and 
selecting papers for inclusion in the Sessional Programme 
for 1951-1952. Members who may wish to offer papers 
during the coming Session are invited to communicate 
with the Secretary. 


REPRINTS FROM THE JOURNAL 


Authors who wish to obtain reprints of their papers 
published in the Journal, are requested to communicate 
with the Publishers at least one calendar month before 
the date of publication of the paper in question. 


JOURNAL BINDING, 1950 


A binding case can be supplied for the twelve issues 
of the Journal, January-December, 1950 (Volume 28), 
price 10/— post free. 

The price for binding volumes is 24/— per volume, 
inclusive. This price is for the half-leather binding 
which has been in use for some years. 
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It is requested that all parcels and Journals forwarded 
for binding should bear the name, address and rank of 
the member concerned. All volumes for binding must 
be despatched to the Institution by April Ist, 195I. 

An Index will be included in all volumes bound. 
This index will not be generally distributed, but members 
and others wishing to have a copy, should apply to 
the Secretary. 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS 
OF THE INSTITUTION 
BY ATTENDANCE AT TECHNICAL COLLEGES 


A candidate for Graduateship or Associate-Member- 
ship may be able to attend a technical college ; these 
notes are intended to guide him in choosing the most 
suitable instruction. 


Preparation for the Graduateship Examination 

Technical colleges offer : 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
complying with Appendix IT, Section V, of the Regula- 
tions Governing Admission to Membership, the candidate 
will be exempted from the Graduateship Examination. 

Alternatively, he may study subjects selected from 
the available courses and sit the Graduateship Exam- 
ination. At technical colleges, courses are usually 
available in Building Science or Engineering Science, 
Strength of Materials, Theory of Structures and Survey- 
ing, but students are not normally allowed to select 
subjects from National Diploma or Certificate courses 
unless they can show evidence of sound training in more 
elementary studies. The advice of the College Authorities 
should be followed. 

Preparation for the Associate-Membership Examination 

At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of 
the Associate-Membership Examination. At other 
colleges the candidate must rely on Higher National 
Certificate courses or on advanced courses in Building, 
Civil Engineering or Municipal Engineering : these cover 
only part of the requirements for the Associate-Member- 
ship Examination. 

Colleges in the first category provide at least two years 
of instruction in Theory of Structures and in Structural 
Engineering Design and Drawing, up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 

The Colleges which have informed the Institution 
that courses in Structural Engineering are available 
are :— 

Belfast College of Technology ; 

Birmingham Central Technical College ; 

Bolton Municipal Technical College ; 

Bradford Technical College ; 

Derby Technical College ; 

Dudley and Staffordshire Technical College ; 

Glasgow Royal Technical College ; 

Liverpool Technical College ; 

L.C.C. Brixton School of Building ; 

L.C.C. Hammersmith School of Building and 
Arts and Crafts ; 

Manchester College of Technology ; 

Middlesbrough Constantine Technical College ; 

Salford Royal Technical College. 

Colleges in the second category provide instruction 
in Theory of Structures from which the student may 
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reach Associate-Membership standard, but instruction 
in Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is 
not usually so complete. .The colleges which have 
informed the Institution that such courses are available 
are :— 

Brighton Technical College ; 

Cardiff Technical College ; 

Huddersfield Technical College ; 

Leeds College of Technology ; 

London Battersea Polytechnic ; 

London Northampton Polytechnic ; 

L.C.C. Westminster Technical College ; 

Plymouth and Devonport Technical College ; 

Preston Harris Institute ; 

Wigan Mining and Technical College ; 

Woolwich Polytechnic. 


Students attending colleges in the first category are 
advised to take the organised courses in Structural 
Engineering. Students of Graduate-membership 
standard will usually be allowed to select subjects from 
courses provided by colleges in the second category. 


THE MACLACHLAN LECTURE 
GENERAL CONDITIONS 

Through the generosity of Mr. John MacLachlan 
(Retired Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed for by 
Associate-Members. The,conditions of the presentation 
are as follows :-— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second year 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council of 
the Institution and all such papers (including the prize- 
winning Lecture) shall be available for publication in the 
Journal of the Institution at the discretion of the Council. 

5. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of {17 Ios. 

6. In the event of there being no winner of the compé- 
tition in any one or more years, whether because no- 
lecture is submitted or because no lecture submitted is 
considered to be of sufficient merit to warrant an award, 
or for any other reason, the Institution shall transfer 
this sum to the Research Fund of the Institution. 


PARTICULARS OF THE COMPETITION FOR IQ5I 

1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1951. 

2..The subject of the Lecture shall be confined to 
Steel Structures. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should be — 
embodied in appendices. Photographs, drawings, graphs, — 
etc., which would appear as illustrations to the Lecture 
in published form, should accompany the script. If 
additional illustrations would be shown as slides, a list 
of these should be included. 

4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 


sat 


March, 19517 


_ 5. The closing date for the receipt of entries by the 
Institution is Friday, March 30th, 1951. 


DISTRICT SURVEYORS’ EXAMINATION 


The London County Council has given notice that 


the next examinations of persons desirous of obtaining 
a certificate of proficiency to perform the duties of the 
office of district surveyor will be conducted in London in 
October, 1951, by the Board established by Section 77 
of the London Building Acts (Amendment) Act, 1939. 
The minimum age limit for candidates is 25. 

Possession of this certificate carries eligibility to 
compete for appointment to vacant positions as District 
Surveyor at maximum salaries ranging from {1,200 to 
£1,800 a year (inclusive), or as Assistant District 
Surveyor (salary scale {840 by £40 to £960 a year). 

Particulars of the examination may be obtained from 
the Architect to the Council, County Hall, Westminster 
Bridge, $.E.1. 

Of the nine candidates who sat for the examination 
in October, 1950, three were awarded the certificate of 
proficiency, two of whom were Mr. J. Dufton, 
A.M.1.Struct.E., and Mr. R. C. Thurlow (Graduate). 


PROFESSIONAL POSTS IN GOVERNMENT 
DEPARTMENTS 


The Civil Service Commissioners announce that 

applications are invited for permanent appointments 
to the basic (Assistant) grade of Structural Engineer 
in a number of Departments in England and Scotland. 
Applications will be accepted at any time up to and 
including December 31st, 1951. Selected candidates 
will be interviewed as soon as possible after the receipt 
of their application forms, and successful candidates 
may expect early appointments. Candidates are advised 
to apply az soon as possible. 
_ All candidates must be at least 25 and under 35 years 
of age on January Ist, 1951, with extension for regular 
service in H.M. Forces, and up to two years for per- 
manent Civil Servants. All candidates must have the 
appropriate professional qualifications and experience. 
_ The London salary scale for men aged 30 and over is 
£600 x £25 — £750. Lower starting salary for younger 
entrants (from £475 at age 25). 

(The next higher grades are :— Main Grade £750 x 
£25 — £1,000, Senior Grade £1,050 x £35 — £1,270). 

_ Forms of application and full details may be obtained 
from the Civil Service Commission, Scientific Branch, 


Trinidad House, Old Burlington Street, London, W.1,. 


quoting No. 3405. 


| PERSONAL 


_ Mr. A. J. Francis (Associate-Member), has been 
appointed Professor of Civil Engineering at Melbourne 
University, Victoria, Australia. 

_ Mr. A. L. Handley (Member), has been appointed 
District Surveyor to the City of London. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 

The following meetings have been arranged :— 
> 


Friday, March 16th, 1951 
_ Fifth Ordinary Meeting. Mr. L. W. Elliott, A.R.I.B.A., 
.M.I.C.E., on “‘ Prestressed Concrete in Architecture.”’ 


Thursday, April 19th, 1951 
Annual Business Meeting. 


All meetings will be held in the Reynolds Hall, 
ollege of Technology, Manchester, at 7 p.m. 
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Hon. Secretary : G. Greenlees, A.M.I.Struct.E., 16, 
Mayfield Avenue, Stretford, Lancs. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meeting has been arranged :— 


Friday, March 30th, 1951 
Annual General Meeting, at the Reynolds Hall, 
College of Technology, Manchester, 7 p.m. It is requested 
that as many members as possible should attend the 
meeting. 
Hon, Secretary : F. M. Turner, 11, Colwell Avenue, 
Stretford, Lancs. 


MIDLAND COUNTIES’ BRANCH 
The following meetings have been arranged :— 


Monday, March 5th, 1951 
Films : “ The Failure of the Tacoma Narrows Bridge,”’ 
and “‘ The Construction of the Boulder Dam”’ will be 
shown at the Merchant Hall, Albion Street, Derby, at 
7 p.m. 
Friday, March 30th, 1951 
Mr. W. P. Andrews and Mr. P. G. Bowie, A.M.I.C.E., 
(Member), on “ The Solution of the Car Parking Prob- 
lem Here and in the U.S.A.” 


Friday, April 27th, 1951 

Annual General Meeting, followed by a paper by 
Mr. H. E. Brooke-Bradley, O.B.E. (Member), on “‘ The 
Problem of the Supporting Power of the Subsoil.”’ 

The meetings will be held at the James Watt Memorial 
Institute, Birmingham, at 6 p.m. 

Honma secretary. ss oR. “Deeley, ~ A:M.L-Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcester. 


GRADUATES AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


Tuesday, March 20th, 1951 
Annual General Meeting. Films: “ The Failure of 
the Tacoma Narrows Bridge,’’ and “‘ The Collapse of 
the Remagen Bridge.”’ 


Saturday, May 5th, 1951 
Visit to the Building Research Station, Watford. 


Tuesday, May 20th, 1951 

Joint Meeting with the Students’ Section of the 
Institution of Civil Engineers. A talk on Code of 
Practice 114 : 1948—The Structural Use of Reinforced 
Concrete in Building, will be given by Mr. A. T. Clarke 
(Associate Member). 

The meetings will be held at the James Watt Memorial 
Institute, Birmingham, at 7 p.m. 

Hon. Secretary : M. H. Evans, B.Sc., 107, Metchley 
Lane, Harborne, Birmingham, 17. 


NORTHERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 


Tuesday, March 6th, 1951 
Mr. P. L. Capper, T.D:, M-Sc., A.M.I.C.E.. (Associate 
Member), on ‘ Testing Methods in Structural Engin- 
eering,’’ at Middlesbrough. 


Wednesday, March 7th, 1951 
Mr. P. L. Capper will present the same paper at 
Newcastle. 
Tuesday, April 3rd, 1951 
Annual General Meeting, at Middlesbrough. 
The meetings commence at 6.30 p.m., preceded by tea 
at 6 p.m., the Middlesbrough meetings being held at the 
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Cleveland Scientific and Technical Institution, Corpora- 
tion Road, and that at Newcastle in the Neville Hall, 
near the Central Station. 

Hon. Secretary: J. <A. Williams, A.M.1.C.E., 
A.M.I.Struct.E., 57, Reid Park Road, Jesmond, 
Newcastle upon Tyne. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 
Tuesday, March 6th, 1951 
Film : “ Military Pile Driving.”’ 
Tuesday, April 3rd, 1951 
Annual General Meeting. 
The Meetings will be held in the College ot Technology, 
Belfast, at 7.15 p.m. 
Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
Lisleen, 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH _, 
The following meeting has been arranged :— 
Tuesday, April 17th, 1951 
Annual General: Meeting at Ca’doro Restaurant, 
Glasgow, at 6 p.m. 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.1.C.E., 
A.M.I.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH WESTERN COUNTIES’ BRANCH 


Hon. Secretary: E. W. Howells, M.I-Struct.E. 
10-12, Market Street, Torquay, Devon. 


WALES; AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 
Friday, March 2nd, 1951 


Mr: A. J. Harris, B.Sc., A.M-1-C.ES on} Prestressed 
Concrete in Civil Engineering Works,” at Colwyn Bay. 
Tuesday, March 6th, 1951 

Mr. G. R. Brueton, A.M.I.C.E. (Associate Member) on 
“The Fatigue of Materials related to Structural 
Design,’ at Swansea. 

Thursday, March 22nd, 1951 

Mr. G. R. Brueton will present the same paper at 

Cardiff. 
Friday, March 30th, 1951 

Mr. A. V. Hooker, A.M.I.C.E. (Associate Member) on 
“Structural Engineering at Abbey Works,” at Colwyn 
Bay. 

; Wednesday, April 11th, 1951 

Visit to Abbey Works site, Margam, to inspect the 
buildings for the New Strip Mills for the Steel Company 
of Wales. 

Wednesday, April 11th, 1951 
Annual Dinner, at Porthcawl. 


Tuesday, May ist, 1951 

Annual General Meeting. 

The meetings in Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 

The meetings in Swansea will be held at the Mack- 
worth Hotel, at 6.30 p.m. 

The meetings at Colwyn Bay will be held at the 
County Buildings, at 6 p.m. 

Hon. . Seeretary: FE. R- Steward, A.M.1.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES’ BRANCH 


The Fourth Meeting of the Session was held on Friday, 
January 5th, 1951, at the Grand Hotel Bristol, Mr. 
P. C. Girdlestone, M.A., A.M.I.C.E., M.I.Mech.F., in 
the Chair. A paper entitled ‘‘ The Reconstruction of 
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the Colston Hall, Bristol, 1950’ was presented by 
Mr. N. G. T. Ball (Country Associate-Member of Council 
to a large audience, and a vote of thanks was proposec 
by Mr. C. H. Williams (Member). 


The following meetings have been arranged :— 


Friday, March 2nd, 1951 
Mr. F. W. L. Heathcote and Mr. A. H. Chilver, B.Sc 
(Student) on “ Light Gauge Structural Steel Sections,’ 
at College of Technology, Bristol. 


Friday, April 6th, 1951 
Annual General Meeting, followed by a talk by ar 
Architect, at Grand Hotel, Bristol. 


Thursday, April 20th, 1951 

Joint Meeting with the Institution of Civil Engineers 
Mr. Gilbert Roberts, B.Sc., A.M.I.C.E. on “ The Doni 
of Discovery—Festival of Britain Site,’ at Receptior 
Room, Bristol University, Queen’s Road. 

All meetings, except the last will be held at 6.15 p.m. 
preceded by tea at 5.30 p.m. The last meeting will be 
held at 5.30 p.m., preceded by tea at 5 p.m. 

Hon: Secyetary x C.. Ea Saunders "“MiaStrmmemies 
Dunkery, Edward Road, Walton St. Mary, Clevedon 
Somerset. 


YORKSHIRE BRANCH 


The Fourth Ordinary Meeting was held on Wednesday 
January 17th, 1951, at 6.30 p.m., in the Great Norther 
Hotel, Leeds, when Mr. H. C. Husband, B.Eng. 
M‘I.C.E., M.I.Mech.E. (Member), was in the Chair 
and thirty-four members and visitors were present 
A lecture entitled “Welded Highway Bridges” wa: 
given by Mr. D. J. Davies, B.Sc., A.M.I.C.E., (Associate 
Member), of the British Constructional Steelwork Asso 
ciation. A discussion followed and Mr. Davies answerec 
questions. A vote of thanks proposed by Mr. C. Wilkin 
son (Member), and seconded by Mr. S. Mackey, B.Sc. 
A.M.I.C.E. (Associate Member), was warmly accorded 

The following meetings have been arranged :— 


Wednesday, March atist, 1951 
Joint Meeting with the Yorkshire Association of th 
Institution of Civil Engineers. Mr. J. Guthrie Brown 
M.I.C.E., (Member), on ‘‘ Hydro-Electric Developments 
Pitlochry,’ at Leeds University, at 7 p.m. 


Wednesday, April 18th, 1951 ; 
Professor RK. H. Evans, D:Scy PhDs pier Grins 
M.I.Mech.E. (Member), on The Institution of Structura 
Engineers’ “‘ Report on Prestressed Concrete.” 


Wednesday, May oth, 1951 

Annual General Meeting. Mr. J. G. Faber, B.Sc. 
A.M.I.C.E. (Associate Member), on “ Construction o 
240 ft. Clear Span Sheds for Aircraft Production.” 

All meetings to be held at the Great Northern Hotel 
Leeds, at 6.30 p.m., except the joint meeting on Marcl 
21st. 

Hon. Secretary: E. Wrigley, A.M.I.Struct.E., Cit: 
Engineer’s Dept., Civic Hall, Leeds, 1. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E. 
A.M.1.Struct.E., P.O. Box No. 3306, Johannesburg 
During week-days Mr. Tait can be contacted in the Cit 
Engineer’s Department, City Hall, Johannesburg 
*phone 34-I1II ext. 257. 

Natal Hon. Secretary : E. G. Bennett, A.M.I.Struct.E. 
c/o Reinforcing Steel Co. Ltd., P.O. Box 478, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E. 
P.O. Box 1692, Cape Town. 
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The Tuscan Boracic “ Soffioni’’ and 


their Development at Larderello* 
By Dr. Ing. Alfredo Mazzoni 


Introduction 


I render cordial thanks to the Institution of Structural 
Engineers. and the British Section of the Societe des 
Ingenieurs Civils de France for the honour of addressing 
them to-day on the subject of the strange and fascinating 
phenomenon: the “ Soffioni’’ of Tuscany, and the 
industrial undertakings at Larderello. 


I also render particular tribute to my friend, Mr. Peter 
Gerard, who has taken the initiative in this development 
and translated this paper into English, and who is to 
read it to you at the Meeting, as my limited knowledge 
of your language does not allow me to do so. 


Synopsis 


The paper sets out a general illustration of the 
industrial application of the vapours emerging from the 
Tuscan “‘ Soffioni.’’ It shows how these vapours have 
been captured and utilised throughout the centuries, 
culminating with a fuller description of their uses in 
present-day electrical and chemical industries. 


_ Particular reference is made to several power stations 
in Tuscany, notably that at Larderello. The paper 
provides an account of the installations at most of the 
plants mentioned. 


_ Kindred subjects are alluded to, in order to provide 
an orientation of the existing industry relative to its 
development. It is shown how these wells were located 
and finally mastered, how the vapours were utilised in 
earlier industries, and how these installations were re- 
equipped to cope with present-day requirements. 


The paper is a record of outstanding engineering 
achievements, in terms of ingenuity, daring, economy, 
and their resulting benefits to the distributors and 
sonsumers of electrical energy. 


_ The implicit conclusion may be drawn, that similar 
* Soffioni ” or “ geysers’ can be tapped, controlled and 


amployed as cheap sources of power, while the discharge _ 


yapours can be guided into the chemical industry. 


It is intended to supplement the paper with detailed 
echnical descriptions of the installations and _per- 
ormance at Larderello III, a new generating station 
vhich operates on direct vapour intake and eliminates 
at exchangers, with the resulting increase in the 
iciency of the plant. 


1. General Aspect 


, 


The phenomenon of the “ Soffioni Boraciferi’’ in 
iscany has always held great interest, as much for its 

ngeness and scientific importance as for its possi- 
es of development. 


In their natural state, the “‘ Soffioni’’ manifest them- 


*Paper to be read before a Joint Meeting of the Institution of 
yuctuval Engineers and the British Section of the Societe des 
genieurs Civils de France at 11, Upper Belgrave Street, London, 
V.1, on Thursday, April 5th, 1951, at © p.m. 
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selves as geysers ejecting white clouds of smoke, which 
consists of water vapour and a mixture of gases, gushing 
out of the ground in a more or less violent and noisy 
manner (Fig. I). 


In certain localities the vapour does not gush out 
of the ground, but instead it bubbles up in pools of 
muddy water, which it stirs into violent ebullition. 
These are the “lagoni”’ or “ bulicami,’’ waters, in 
which the presence of boric acid was detected for the 
first time in 1777. 


These various types of pseudo-volcanic manifesta- 
tions are encountered in a vast region covering over 
80 square miles south of Volterra, bordering on the 
provinces of Pisa and Grosseto, on the slopes of the 
mountains which separate the valleys of Cecina and 
Cornia. 


The countryside around these “ Soffioni’”’ is almost 
always hot and scorched, and its colour is of a reddish 
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Fig. 1.—Natural Soffioni 


yellow hue. Sometimes, however, it happens that the 
vapour emerges amongst sprouting green bushes, which 
causes visitors some considerable surprise. 


If we add the loud whistling noise and the smell of 
sulphur which accompany the phenomenon it gives the 
passing traveller crossing these solitary regions a 
strange eerie feeling. 


These manifestations are particularly evident in the 
localities of Larderello, Castelnuovo, Val di Cecina, 
Sasso Pisano, Monterotondo, Lago, Lustignano and 
Serrazzano. These localities are situated roughly along 
an irregular ellipse about nine miles long and about 
five miles wide. The altitude of these localities varies 
from between 650 feet in Lago to 1,700 feet in Monte- 
rotondo. 


These manifestations are also evidenced in more distant 
places : in Carboli, in Cagnesi and in Travale towards 
Siena, as well as in various other localities of that region, 


Boring operations in Travale produced a powerful 
‘* soffione ’’ in December, 1949. 
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The phenomenon of the “ soffioni”’ is very similar 
to that of the “ geysers ”’ of Iceland, the Azores, America 
or New Zealand, but it differs from these, in that the 
geysers eject alternate gushes of vapour and _ boiling 
water, whereas the “ soffioni’’ eject almost exclusively 
nothing but water vapour, and any water seeping into 
the subsoil is entrained within the vapour when it comes 
to the surface. 


The phenomenon of the Tuscan “ soffioni’’ results 
manifestly from a combination of various sources of 
heat emanating from the inner regions of the earth. 


The following cases of high temperature springs are 
certainly related to the “ soffioni boraciferi’”’ by virtue 
ef their location and of the chemical composition of 
their water. These are the springs: Bagno Vecchio, 
near the “soffioni’’ of Sasso, Perla, Morbo and St. 
Michele, in the vicinity of Larderello, Bagnolo, near the 
“ soffioni ’’ of Monterotondo, and lastly, Galleraie, near 
the “ soffioni’’ of Travale. 


Much has been written and argued about the origin 
of the “ soffioni,’’ and several theories have been sug- 
gested, but so far none has proved entirely satisfactory 
As mentioned previously, many analogies may be drawn 
with the geysers and still more with the volcanic “‘solfa- 
taras,” particularly with those of Champs Phlegreens, 
the Aeolian Islands, and the volcanic regions of Iceland, 
or of the Rocky Mountains in North America. 


ce 


It can therefore be accepted that “ soffioni’’ are 
manifestations of underground activities. On the other 
hand, comparing them with the chemical and physical 
actions at the level of the earth’s crust, one can neither 
explain the high temperature of 400°F., nor the high 
pressure which, to our knowledge, may exceed 30 
atmospheres, when the gush is stemmed. 


It is presumed that the vapours originate from the 
magmatic mass situated in the volcanic region of Monte- 
Amiata, Roccastrada, Sassoforte and Campiglia Marit- 
tima. There the trachytic magmas have come to the 
surface with the lava, and this is particularly striking 
in Amiata. The theory that the boracic vapours of 
Larderello and its vicinity originate from the above-said 
trachytic magmas could be well-founded, the more so 
as the high degree of radio activity of the vapours 
confirms the direct origin from the deep, eruptive masses. 


The deep, subterranean bases of the “ soffioni”’ 
probably consist of granite miocene rocks which emerge 
on the Isles of Thyrrene : Elba, Montecristo and Giglio, 
and on the Continent, quite near the boracic region of 
Gavorrano and Campiglia. Quite probably the base 
rests upon an active magmatic reservoir and is not more 
than 14,000 feet deep. 


According to various Scientists, the magmatic reservoir 
beneath the gases of the “ soffioni’’ would then appear 
to be 16,000 feet deep, allowing for the upper sedi- 
mentary stratum. This is confirmed by various investi- 
gations on several active Italian volcanoes where the 
depth of the magmatic reservoir varies between 6,000 
and 16,000 feet. 


There is an essential condition for the formation of a 
zone holding vapour under pressure, a vapour whose 
characteristics may be determined. This condition is 
evidently satisfied by the existence of a covering stratum 
of eocene shale forming d protective anticline which 
is practically impervious on the whole, although it may 
allow large infiltrations at the base. Where that 
covering stratum does not exist the manifestation of 
vapour may be experienced, but never at significant 
pressures. 
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2. Characteristics of the ‘‘ Soffioni ’’ 


With some imagination one can follow the course ¢ 
the vapour from the bowels of the earth to the light ¢ 
day. One can visualise the vapour, accumulated i 
enormous masses, canalised into huge potholes, passin 
through smaller ones, branching into channels, small an 
irregular, and finally emerging at the surface. 


In the course of its long journey the vapour loses som 
of its energy due to the irregular obstructions it contint 
ally encounters. Nevertheless, granting that the pre: 
sure will fall appreciably in the course of the ascent, » 
seems less likely that the temperature varies the sam 
way. It is true that there will be a loss of heat cause 
by the thermal conductivity of the earth, but this los 
would be offset by a rise due to the friction created 1 
overcoming the continuous resistance and the occasion: 
obstacles. The state of the fluid is unknown from it 
origin to the time it gushes out of the borings after - 
has passed through various strata. Theory and researc 
have not yet provided an adequate method for th 
solution of this interesting scientific problem. 


The vapour emerges at a temperature which varie 
between a minimum of 280°F. and a maximum of 420°} 
according to the boring. This variation depends most] 
on the different depths and positions of the borings an 
partly on the pressures encountered. It is interestin 
to note, however, that the vapour emerges at groun 
level at a temperature much higher than that of a full 
saturated vapour at the same pressure. 


Some authorities hold that the vapour is imbue 
with this elevated temperature at its origin, othe! 
maintain that this temperature increases through frictio 
en route, and that the vapour is fully saturated at 11 
origin. 

Further research should permit a more precise explan: 
tion of this important problem. 


Measurements of the pressure of the “ soffioni”’ ca 
be carried out on open borings for various values « 
outlet area, or on closed borings—that is to say: b 
blocking the vapour outlet. 


Measurements of the pressure in closed borings hay 
given results varying as widely as from 5 to 30 atm¢ 
spheres and more, according to the locality. It 
interesting to note that no absolute relation exist 
between the output, the pressure and the depth of tk 
hole. This is easily understood since the vapour — 
distributed and the pressure depends on the particulé 
channels through which the vapour ascends. Th 
channels may be directly connected to the origin, ¢ 
they may cause the vapour to meander considerabh 


The output is the quantity of vapour ejected per un 
time and is one of the most important characteristics. 


The pressure at open borings varies between 2 to 
atmospheres and the temperature between 280°F. an 
420°F. The mean exit velocity of the vapour is 410 fet 
per second, with a maximum of about 1,300 feet pe 
second. 

The composition of the fluid varies, though not mucl 
from place to place. The ratio: gas to water vapou 
by weight, is about 6 per cent. at Larderello and 4 pe 
cent. at Lago. In some localities it is less than 4 pe 
cent. and in others it is slightly more than 6 per cent. 


The gas content of the “ soffioni’’ consists mainly « 
organic anhydrides in the following order: methar 
and hydrogen, sulphurated hydrogen, nitrogen, ammoni 
and the rare gases (helium, argon, neon, kripton, xenon 
The fluid also contains a fairly constant percentage « 
boric acid. ; om 
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The composition of the fluids in the “ soffioni”’ is 
somparable to that in the “ solfataras’’ as the content 
of anhydrides is large, and the content of hydrogen and 
nethane is comparatively small. However, whilst the 
zas content varies considerably in the “ solfataras,’’ the 
somposition of the “ soffioni’’ is remarkably constant 
und regular. A still more surprising result is obtained 
yn comparing certain values such as the ratio: gas to 
vapour, ammonia content, organic anhydride and 
1ydrogen. It is then found that the “ soffioni’’ of the 
entire region vary, though little, by a constant amount, 
uccording to certain groupings which seem to correspond 
0 three major geological faults, almost parallel to each 
ther. It is supposed that the origin of the vapour 
ies beyond these faults, the eastern and most important 
of which corresponds to the localities of Larderello and 
Sastelnuovo which comprises the localities of Sasso and 
Monterotondo, and the most westerly fault corresponds 
0 the localities of Serrazzano and Lago. Consequently, 
he plants using the eastern fault receive a high ratio 
yf gas to vapour, while those on the central fault receive 
1 reduced ratio, and those on the western fault receive 
1 still lower ratio of gas'to vapour. The content of 
pric acid, however, is almost constant in all cases. 


3. The Old-established Boric Acid Industry 


_ How old are the “ soffioni’’? and how much longer 
will they last ? 


Definite historic indications of their existence appear 
owards the end of the first century A.D. in the fourth 
900k of the poem “ De Rerum Natura,” by Lucrece 
varo, and later in parchments of the seventh century, 
ind also in documents written about the year 1000 A.D. 


_ At the end of the sixteenth century, descriptions of 
he phenomenon were given by the physician Ugolino 
la Montecatini, in his work “ De Balneis,” and also by 
Andrea Bacci Elpidiani, Architect of the Pope, in the 
ixth book of his work ‘‘De Thermis.’’ A century 
ater, Paolo Mercula described the “ Lagoni”’ of Leccia, 
vear Monterotondo, in his ‘‘ Cosmografia Generale,” 
while the “soffioni’’ of Tuscany were illustrated by 
Michele Sabanarola. In the eighteenth century, Giorgo 
Agricola and Giovanni Targioni Tozzetti, describing 
heir travels in 1742, once again drew attention to the 
shenomenon. 


E Considering the long history of this phenomenon and 
ts perseverance throughout the ages, one may forecast 
hat it will continue for some period which, although 


inknown, should certainly be very long and measurable . 


ndustrial developments of these manifestations without 


par of centuries. We can therefore proceed with 
sar. 


Formerly, these natural manifestations were exploited 
or the manufacture of alum, vitriol and sulphur, to be 
ised in the woollen industry, which was already flourish- 
at Florence. 


The chemist, Umberto Francesco Hoefer, of Cologne, 
ector of the Spiceries at the Court of the Grand Duke 
Tuscany, discovered, in 1777, that the waters of the 
agoni’’ of Monterotondo and Castelnuovo V.C., 
ntained boric acid. This discovery changed that 
ugh and inaccessible region, that region of strange and 
ible manifestations, that inferno, into a sphere of 
roduction and prosperity. 


During that period, Paolo Mascagni investigated a 
em by means of which he could extract boric acid 
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Mascagni’s memoirs is the first suggestion that the heat 
of the volcanic phenomenon might be utilised to 
economic advantages. He pointed out that this heat 
might be used to separate the boric acid from the water 
which contains it, by heating the lead boilers which were 
proposed for the process of separation. This resulted 
in an appreciable saving in fuel, which was otherwise 
provided from the timber neighbouring forests. 


Various companies have availed themselves of the 
discoveries of Hoefer and of the investigations of 
Mascagni. These companies have set up basic industries 
in the area. In 1818 the firm of Larderel & Co., of 
Leghorn, set out to exploit these manifestations. The 
firm, under the direction of Francois de Larderel, had 
by that time absorbed all its competitors. They laid 
out artificial lagoni in the grounds of a small factory 
near Montecerboli. The works were dubbed ‘ Larder- 
ello ” in 1846 by the Grand Duke of Tuscany, Leopold IT, 
who selected the name with “ motu proprio ”’ in honour 
of the founder of the firm. 


This young industry was soon faced with all the 
difficulties associated with the extraction of boric acid. 
De Larderel was the only extractor remaining on the 
market, and he too would have failed, had he not used 
all his energy in applying the results of Mascagni’s 
investigations. 


De Larderel invented the “ lagone couverte ”’ (covered 
lagone), which was nothing more than a masonry dome, 
constructed under severe difficulties. The dome was, 
erected over the crevasse that released the natural 
vapour. 


The vapour was conveyed through earthenware pipes 
so that it flowed underneath the lead boilers in which 
the water of the lagoni was collected. The concentration 
obtained in this way was so economical, that the product 
was able to compete with the borax, obtained directly 
from the mineral “ tinkal,’’ which was imported from 
abroad. 


Further progress was made in 1842, when Adriano 
de Larderel invented and set up inclined boilers, named 
after the inventor, ‘‘ Chaudieres Adriennes’’ (Adrian 
boilers). The natural vapour served as a continuous 
pre-heating system. This boiler system is always 
employed, because of its simplicity and its low running 
costs. 


In 1884 refineries were opened in England, following 
the discovery of boron deposits in America. It became 
therefore necessary to prepare still purer products than 
hitherto. In the same year, 1884, a refinery for boric 
acid was established at Larderello, together with a 
borax factory, while another refinery was set up at 
Castelnuovo Val de Cecina. The process of collection 
and treatment of the boric waters, however, remained 
unchanged until the year 1900, when scientists and 
renowned technicians were consulted to collaborate 
with the industry. 


4. Extraction of Natural Vapour—Boring Opera- 
tions—Measurements 


(a) Early Research 


Direct research on subterranean vapour proved very 
difficult, as it was not easy to trap a fluid of very high 
temperature and pressure, which flowed through cre- 
vasses and meandered deep down in the earth. 


The first tests were carried out by Francois de Larderel 
in 1832. These tests consisted of soundings by means of 
rock drills, similar to those adopted for the boring of 


p dele) 


artesian wells. The first tangible results, however, were 
not obtained until the year 1856. 


Apart from the ordinary difficulties which one encoun- 
ters in boring operations, the process of sounding in the 
areas of the “‘ soffioni’’ involves problems which are 
not at all easy to overcome. 


In fact, in the region of the “ soffioni,’’ one encounters 
alternate strata of metamorphised rocks and others 
which are harder and more compact, while there is 
generally considerable evidence of folding. A further 
complication arises from the active chemicals within the 
hot vapour. Various borates will foster the formation 
of cements, which will make the extraction of the rock 
drills a difficult, lengthy and uncertain process. 


There is yet another complication. If the vapour 
is travelling in veins, which subject it to intensive 
pressure, the vapour is liable to explode. This will 
cause the drills to be propelled out of the earth, together 
with stones and boiling water. Towers and machines 
will be damaged and the personnel will be in considerable 
peril. 


In 1924 and the subsequent years soundings were 
taken with rotating steel drills and central water jets. 
It was possible to bore holes 17 inches diameter, and 
reach the remarkable depth of 2,000 feet. 


It is interesting to note that the depth is not a criterion 
of the output of vapour released. Some borings at 
great depth yielded much less vapour than borings of 
lesser depth in the same zone. This is not at all sur- 
prising, and we now attempt to hit the higher level 
meanders, which have their origin at a much deeper 
level, where the flow of vapour exhibits high tempera- 
tures and pressures. 


It follows, that the more important a vein we strike, 
the larger still must be the deeper counterpart of that 
vein, and the larger will be the quantities and the 
higher the pressures which we shall obtain. It happens, 
at times, that the vein is small and that its output is 
consequently not very large. If this vein, however, 
derives its vapour from another larger vein, not too far 
removed, then the vapour in the small vein may possess 
a considerable pressure. Contact between the drill and 
that vapour may result in the latter overcoming the 
weight of the drill and the pressure of the water column, 
and finally there might ensue a violent explosion. 
After the first eruption, the vapour will no longer exist 
in bulk, but in most cases it will no longer be possible to 
use water jets for further sounding. The opportunity 
to discover larger veins, at greater depths, in this par- 
ticular sounding, is therefore lost. 


One of the most outstanding problems in this field of 
research is to find a method which will enable us to 
continue boring for larger veins after we have struck a 
less important one. 


Successful boring operations were carried out, in 
those days, by means of the rotating drill and its 
accessories. The vapour was controlled and brought 
to the surface, and further drilling was carried out, 
leading into successively lower veins. The output 
was in the order of 22,000 to 66,000 lb. of vapour per hour. 


Knowing that rotary drills could not go to any 
greater depths, successful application was made of 
percussion machinery of the Pennsylvania type. The 
outfit was operated in a boring, where the rotary 
drill had caused an explosion. By means of this special 
drilling equipment new wells were reached, and an 
hourly output of up to 132,000 lb. was obtained. 
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In 1929 a more powerful boring machinery we 
introduced. Simple to work, it could be adapted t 
any drilling system, whether percussion drilling « 
rotary drilling. The density of the water jet was al: 
augmented by heavy emulsions, obtained by tl 
addition of clay. The increase in the density of tI 
water jet helped to balance the vapour pressure, 
that it became possible to advance to greater depths. 


At Larderello, a large new sounding had reache 
the depth of 877 feet. On the morning of the 26th Marc 
1931, the vapour burst forth with great impetus, bt 
no one was injured and no machinery was damage 
The phenomenon presented such an awe-inspiri 
spectacle, that many people considered it impossib 
to control this powerful jet. In fact, the output amounte 
to 485,000 lb. of vapour per hour, at an absolute pressu: 
of 34 atmospheres and a temperature of 400°F. (Fig. 2 


Thanks, however, to the skill of the engineers ar 
spirit of sacrifice displayed by the staff, stimulate 
by an unparalleled uproar of emerging vapour, it w: 
possible to control the gusher on the 18th April, 193 


Fig. 2.—Soffionissimo No. 1, at Larderello 


when the control valves were fitted and the mouth 
the “soffione’’ was connected to the pipes leadi 
into the factory. The “ soffione’’ was now und 
control and ready for use. 


Another “ soffionissimo ’’ was obtained at Larderell 
The machinery was of the type described above, thous 
it was considered improved. On the 22nd April, 193 
after nine months of intensive work, an explosi 
occurred. The boring had reached the depth of 695 fee 
This “ soffionissimo ”’ produced an output of 375,000 | 
of vapour per hour, at an absolute pressure of 3 a 
mospheres and a temperature of 356°F. 


In the subsequent years the investigation was carri 
on methodically, with great vigour, and when t 
World War broke out in 1939, more than 140 acti 
wells were in operation after 100,000 feet of borin 
giving a total output of 4,410,000 Ib. of vapour per hot 


(0) Present Research 


It should be noted that the technique of borit 
operations in the Larderello area differs from tho 
adopted in the boring for oil, minerals, water, et 
partly because of the phenomenon of great heat, whi 
increases the complications and makes the reachi 
of great depths extremely difficult. In fact, the mudc 
mixture has at times reached a temperature of 194 
203°F., with the consequent formation of hard lum 
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interfering with the rock drill. The hole had to be 
by-passed, involving a loss of time and considerable 
expense. Amongst other difficulties which present 
themselves during boring operations losses of the muddy 
mixture, often due to its efflux into crevasses, call for 
quick remedies. 


“Larderello’”’ possess several powerful machines 
of the rotary type, for borings to a depth of 4,900 feet to 
6,600 feet, with an initial diameter of the hole equal 
to 20 to 28 inches. They also possess various percussion 
machines, for a depth of 3,300 feet to 4,900 feet, with 
an initial diameter of the hole equal to 24 inches. Finally 
they possess numerous smaller machines of both types 
capable of reaching a depth of some 1,700 feet with an 
initial diameter of 12 inches to 20 inches. 


“ Larderello ’’ have recently acquired new machines 
purchased from the Oil Well Supply Co. of New York, 
which can reach a depth of 7,400 feet with an initial 
diameter of 28 inches (Fig. 3). 


The following are the boring systems now in use :— 
Rotary with tri-conic rock drills. 


Percussion, with hollow shaft and a forced circulation 
of muddy water. 


Rotary, with core sample. 


; Fig. 3.—Rotary oil well 


Rotary System 


This is the system most frequently employed. The 
rotary machines which were put into operation in 1947 
and 1949, using the tri-conic rock drills devised by 
Hughes in America, have shown advances far superior 
to those of other machinery—considering the type 
‘ground through which they have to operate (Fig. 4). 


The Percussion System, with hollow shafts and a circulation 
of muddy water 


_ Until recently, this was the only system in use. 
‘It permitted penetration to a great depth, as well as 
‘the extraction of a large output of vapour. Because 
‘of its slow operation, however, it is at present only 
employed on borings of medium depth and through 
fairly easy ground. 


' 
Rotary System with core sample 


_ This is used for geological investigations beyond the 
‘zone of operations when samples are required to give 
information on the strata which have been penetrated. 


ty 

Studies have been undertaken, and successful ex- 
riments have been carried out, with a view to 
obtaining vapour from blocked or sterile wells, and to 
augment the output from active wells, by bursting 
charge at the base of the well using direct detonation. 


IOI 


This is a very interesting problem, which may extend 
the horizon of the field of boring operations, but it 
is beset by great difficulties and dangers, because the 
great heat in the wells makes it difficult to use explosives, 
detonators or even electric fuses. 


Geological Studies 


Geological studies of the Larderello region were 
commenced by the late Professor Ferdinando Lotti, 
and continued by the engineer Emilio Cortese. 


A geological department was started in 1926, to 
plot exact sections for each boring and analyse samples 
of the rocks encountered during boring. The rock 
analysis is carried out in a chemical laboratory. 


When the boring is completed, a section is drawn, 
supplemented by notes of accidents which have occurred 
during the operations, as well as notes showing the 
output of the vapour and its chemical composition. 


The stratification can be determined, by combining 
all these sections on pre-determined directrices. When 
all these directrices are assembled, a model is constructed, 
on which the geological positions of the plants are 
determined and the various centres of exploitation 
can be fixed. 


The findings of this complex research work confirmed 
that there is no relation between the output of a vein 
and the geological period of the stratum in which the 
vein runs. Some plants have struck very old rocks 
at a small depth. Further, knowing the geological 
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Fig. 4.—American rock-bit 


formation of the ground, it was possible to foresee 
the type of rock which would have to be crossed and 
all the attendant difficulties. 


According to observations arising from numerous 
borings, it is found that the vapour flows best between 
two strata (particularly between strata of the Eocene 
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and the Retian periods and strata of the Retian and 
the Permian periods.) 


This is particularly marked at Larderello, Castelnuovo 
and Serrazzano, which are the centres from which 
the highest output of vapour is obtained. It is therefore 
of the greatest importance to know the stratification, 
in order to be able to determine the position of the 
boring and to guide it successfully, so that an appre- 
ciable output can be assured. To this end, geological 
models are constructed, showing topographic sections 
of the subterranean stratification. 


Attempts were made to further the knowledge gained 
from geology by applying geophysics. Unfortunately 
no success can be claimed up to the present. Recent 
explorations, both by electrical means and by seismo- 
logical means, have failed to provide indications of the 
most suitable positions for borings. 


(c) Measurements 


The systematic measurements, which are carried 
out on each boring, are of the utmost importance. 
The principal measures deal with vapour output and 
analysis of boric acid, organic anhydride and ammonia. 
Output measurements were started in 1908, using 
nozzles with a known flow area. Measuring the pressure 
at the upstream end of the nozzle combined with the 
exit area gives values which can be substituted in an 
appropriate equation from which the output is 
determined. 


To-day the output is recorded by inserting a stainless 
steel orifice plate in the pipe, and according to the 
up and downstream pressures, the output is determined 
by classical formule applied with the calibration 
constants of the instrument. 


This method is most practical since readings can be 
taken in the pipes leading to the plants, without having 
to shut down the “ soffioni.”’ 


The analysis of boric acid, ammonia and organic 
anhydride is carried out by the usual classical methods. 


5. Utilisation of the Vapour 


Diligent work, tenacity and courageous endeavour 
have enabled the vapour to be tapped and guided 
into pipes at the earth surface. Such efforts have not 
always met with success and often enough borings 


Fig. 5.—Vapour transformers 


were carried out through veins which proved of little 
output although of high pressure with the consequent 
uncertainty of continuous progress. Long periods of 
failure were trving to the nerves, but patience and faith 
eventually lead to successful results. 


_ turbines. 


The Structural Engineer 


Once a “ soffioni ’’ has blown, and the violent eruption 
of water and stones has subsided, the vapour is controlled 
and guided to the place where it is to be used, by means 
of large diameter steel pipes with adequate thermal 
insulation. The natural vapour can be employed in 
two principal actions. It may be introduced directly 
into velocity and pressure turbines, or it may be 
utilised in heat transformers (boilers) for use in condenser 
In both cases the exhaust vapour is used 
for the evaporation of boric waters (Fig. 5). 


Electrical energy is produced by means of turbo- 
alternator sets running very economically with great 
regularity and efficiency, whether the steam is introduced 
directly into the turbine or used indirectly through 
vapour transformers. 


This electrical energy is distributed by outdoor 
switching-station (Fig. 6) to the grid and centres of 
consumption. 


Aluminium has been used successfully for electrical 
connections in control boxes and for the transport of 


Fig. 6.—Switching stations 


electrical energy. Copper, even when it is covered 
with protective coating, is subject to corrosion by the 
atmosphere, rich in hydro-sulphuric acid which, combined 
with the oxygen and the moisture of the air, produces 
sulphuric acid. Whatever uses the vapour is put through, 
the residue of the thermal exploitation will be.a 
condensate, containing almost ail the boric acid in 
solution and parts of the ammonia contents of the 
vapour. Gaseous residues will consist of the remainder 
of the ammonia, of carbonic acid, of hydrogen sulphide, 
of combustible gases, and of the rare gases. 


Where pure steam turbines are installed, the above 
residues will be found in the vapour transformer tubes. 


Where, however, natural vapour turbines are installed, 
the residues are separated in washers at the low pressure 
side of the turbine. From there, the residues are 
despatched to the chemical section for further utilisation: 


? 


The output from the “ soffioni’’ of 5,500,000 Ib. 
of vapour per hour must be exploited as completely 
and as rationally as possible. This presents two 
problems :— ; 


(a) Thermo-electric utilisation. Ue 


(b) Chemical utilisation. 


(a) Thermo-electric Utilisation 


The first attempts to use the vapour of the “ soffioni ” 
for direct mechanical application, were made by the 
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engineer Raynault in 1894. He used the vapours 
of the “soffioni’”’ to pre-heat the water of a small 
multi-tube boiler. The resulting steam drove a small 
8 H.P. reciprocating engine. 


This result exposed the fallacy of previous theories, 
propounded by several technicians, who had claimed 
that the vapour of the “soffioni’’ would not be 
applicable for the production of electrical energy, as 
it would spend all its own energy in overcoming 
resistance on its attempted journey to the surface of 
the earth. 


Attempts to exploit the vapour had always been 
hampered by its corrosive action on metallic machinery. 
The action of the aggressive vapour contents was 
particularly pronounced in the presence of air. 


Similar reasons were responsible for the failure ‘io 
exploit the kinetic energy of the vapour. This had 
been attempted by the same Raynault, who had caused 
the jet from the “ soffione ” to impound on to a bladed 
wheel. 


A successful experiment, however, was made by 
Prince Ginori Conti, in April 1904, when he introduced 
natural vapour at 4.5 atmospheres into a reciprocating 
engine of 0.75 H.P., after he had withdrawn the 
accompanying water in an appropriate chamber. In 
July of that year he coupled his engine on to a small 
dynamo, which worked regularly for some time, lighting 
five electric lamps. 


When these resalts became known, a 35 to 40 H.P. 
Cail piston engine was installed in 1905, also subjected 
to the natural vapour. This operated a dynamo, which 
produced electric energy for the lights of the entire 
plant at Larderello, and for the charging of the 
accumulators. 


_ Several improvements were introduced in 1913, and 
it became possible to operate a turbine, which controlled 
a three-phase alternator of 325 kVA, 4,000 volts and 
50 cycles. 


_ The satisfactory results obtained by that machinery 
and the increase in vapour output led to the installation 
in 1914 of more powerful machines. They were 
three reaction turbines with condensers and inlet steam 
at 1.25 atmospheres, generated by vertical tubular 
transformers. The turbines operated three 3,500 kVA 
alternators. 


Successive discoveries of greater and more powerful 
quantities of vapour, at Serrazzano, at increased 


pressures, led to experiments with an action and back: 


pressure turbine, directly fed with the vapours of the 
“soffioni.” In 1923 a 40 H.P. turbo-generator set 
was installed at Serrazzano, thus proving the possibility 
of direct injection. 


Other wells with a considerable output were obtained 
at Larderello, and a 5,000 H.P. action and back pressure 
turbine was installed at that station (later named 
Larderello No. 1). Successive additions consisted of 
three other condenser turbines, so that in 1932 the 
installed capacity reached 15,000 kVA. 


_ At the same time, two action and back pressure tur- 
bines coupled to 1,000 kVA alternators were installed at 
telnuovo V.C. whilst at Serrazzano an action and 
k pressure group was operating at 750 kVA, and 
t Lago a condenser turbine was installed, rated at 
325 kVA. 


As a result of the considerable expansion of the 
lant which followed, the new Larderello II and 
Jastelnuovo Generating Stations were built before the 
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war, incorporating new 15,000 kVA sets, whilst at 
Serrazzano, Sasso and Monterotondo new 4,500 kVA sets 
were installed with direct intake. 


In the case of direct intake, the best conditions under 
which an action and back pressure turbine can function 
correspond to an inlet pressure of 4.40 atmospheres at 
a temperature of 365°F. This will result in the most 
favourable output of vapour, both in quantity and 
in pressure. The vapour consumption will be about 
42 lb/kWh. 


On the exhaust side of the turbine, the natural 
vapour will be at a pressure of about 1.08 atmospheres 
and a temperature of 220°F. It can then be subjected 
to an adequate washing process, so that the boric acid 
and ammonia contents may be extracted. 


As I have mentioned before, indirect utilisation of 
the vapour may be carried out by means of vertical 
or horizontal tubular heat transformers. The vapours 
from the “ soffioni’’ are introduced directly into the 
tubes, where they circulate, in order to give a com- 
prehensive heat exchange with the water in the boilers. 
The vapour in the tubes will condense and the gases 
will be released, so that pure steam can be collected 
in the boilers and directed into the condenser turbines, 
at a pressure of about 2 atmospheres and with a 
relative humidity of 2 per cent. In spite of the losses 
incurred in the best transformers and the energy 
required to operate the ancillary apparatus, the total 
consumption of natural vapour only amounts to about 
30 lb/kWh, namely 70 per cent. of the consumption 
in direct intake turbines, thanks to the high vacuum 
obtained in the condensers. 


(b) Chemucal Utilisation 


Crude natural boric acid, at various saturations, is 
obtained from the vapours of the “ soffioni’’ and from 
the subterranean boric waters. This is treated to attain 
a commercial saturation of 95 per cent. 


Whether the boric solution is obtained by washing 
the discharge vapour of direct intake plants, or of 
heat transformers, or whether it be obtained from the 
subterranean boric waters, the separation of the boric 
acid is effected by means of evaporation and subsequent 
cooling of the solution. 


Various types of evaporators are used. In the large 
installations, where the power plant uses pure steam, 
the process of saturating the boric waters follows 
upon the process of degassing, all in the vapour 
transformers working in series. In the small installations, 
with free exhaust turbines, the process of saturation is 
carried out by evaporators and also by evaporation 
surfaces with large exposed areas. This will facilitate 
the separation and the periodic scooping away of 
encrustations. 


These evaporation plants generally consist. of open 
ponds, in iron, masonry or wood, while the inner 
surfaces are lined with lead, a metal which is immune 
from attacks by concentrated boric acid. Steam jackets 
under the ponds accelerate evaporation. This is similar 
to the “ Adrian’’ boilers, which you have already 
seen. Another type of installation at the bottom of the 
ponds consists of nests of lead tubes, which present 
the necessary surface for the heat transfer. The 
efficiency of the process can be increased by mechanical 
sprinklers of the solution. 


When the solution has attained a concentration 
of 14 to 15 per cent. of boric acid, it is led into an 


104 


appropriate chamber, where it is subjected to rapid 
cooling. A fan blows dry air over the surface of the 
solution, and a precipitate of boric acid is obtained. 
The liquid and the boric acid, crystallised in suspension, 
are led into a filter chamber, where they pass through 
a filter screen. In this way the solids are separated 
from the solution, yielding ‘‘ mother liquor.” 


The solute goes into rotary driers, in order to 
eliminate traces of the “‘ mother liquor ”’ which contains 
boric acid at a concentration of 4 to 5 per cent., all 
the soluble salts and particularly sulphates of sodium, 
magnesium and aluminium, which were already present 
in the original boric water. A concentration of 95 to 
97 per cent. should be obtained by using the separation 
process described above. 


A further degree ot saturation is obtained from 
the ‘‘ mother liquor.’’ This solution is subjected to the 
same processes as had been applied to the basic solution. 


Fig. 7.—Larderello II generating station, June, 1944 


The resulting product contains boric acid at a con- 
centration go per cent. The various plants refine 
the 95 per cent. crude boric acid into a solution 
99.5 per cent. saturated, or into sodium borate (Borax). 


By means of appropriate processes, the ammonia 
content in the fluids of the “ soffioni’”’ is utilised for 
the production of ammonium bicarbonate and am- 
monium sulphate. 


Carborundum is produced in electric furnaces. This 
substance is of considerable interest in the field of 
abrasives, because its hardness is only second to that 
of the diamond. When crushed into a fine powder, 
it can be smelted, and consequently it can be used for 
the manufacture of small objects, such as grinding 
stones, etc., and these objects find a wide and varied 
application.. The carborunda are also used in the 
manufacture of atomic piles, in which they serve to 
decelerate the neutrons. 


6. War Damage to the Installations and Repairs 
which have already been carried out 


The first few months of 1944 saw a total power output 
of the turbo-alternators at the various stations 
amounting to 170,000 kVA. 


The chemical industry had reached a stage where it 
produced several thousands of tons of crude boric 
acid per year. This had stimulated industry and 
provided considerable trade. There was boring equip- 
ment for boring operations. A car park had been laid 
on and a well-furnished office was provided. An 
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extensive chemical laboratory catered for all the 
research and analysis required for the various activities 
of the plants. 


The bombing during the months of April and May 
1944, did not cause extensive damage to the installation, 
apart from the destruction of half of one of the spec- 
tacular reinforced concrete cooling towers, designed 
by the Consulting Engineers; Messrs. L. G. Mouchel & 
Grave damage, however, was 
done by the Germans, when they retreated towards 
the north between the 13th and 25th of June 1944 
(Figo): 

The damage, accruing from the retreat of the Germans, 
may be summarised as follows :— 


Wells, vapour transmission pipes, boring machinery, 
turbo-alternator sets, transformers, cranes, boilers, 
switchgear, outdoor electric installations and buildings, 
all this was damaged. All machines in the works were 
made unserviceable and the principal store was 
destroyed and burned down. Vehicles were taken away 
or damaged. As a final act of grace, the Germans 
destroyed the great bridge which led to the installation 
at Larderello, and this, in conjunction with the 
destruction of all the other bridges, left the plants 
at the end of the war in complete isolation. 


Clearing up operations were set in hand as soon as 
the plant was liberated, and the electric installation 
was made shipshape once again. The north of Italy, 
however, was not liberated until April—May 1945, 
and until then it was impossible to contact the manu- 
facturers of essential machinery. It was therefore only 
possible to progress at a very slow pace, despite the 
fine spirit of sacrifice and co-operation displayed by 
the staff. Nothing could be done until the liberation 
of Northern Italy. Borings could not be carried out, 
due to lack of electrical power, and machines could 
not be re-installed because the manufacturers in 
Central Italy did not possess the essential designs, 
which had also been destroyed during the war. 


Intensive rebuilding followed the liberation of Italy. 
At the end of the first year we were able to generate 
7,500 kW and a year later, 140,000 kW (Fig. 8). 


In the year 1950, the various Generating Stations 
had a capacity of more than 154,000 kW installed 


Fig. 8.—Larderello III rebuilt 


and the daily output continuously exceeded 
3 million kWh. It should be noted that the Larderello 
plants are not subject to the fluctuations normally 
associated with winter and summer conditions, but, 
on the contrary, that the output is absolutely constant. 
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Repairs on the chemical works and the restoration 
on the electric plant were carried out simultaneously, 
and we availed ourselves of the opportunity to improve 
and simplify the chemical plant. 


7. Larderello Generating Station No. III 
(@) General Description : Utilisation of natural vapour 


In April 1947 work was started on the new 
Larderello II] Generating Station, which consists of 
four main 30,000 kVA sets and two 11,250 kVA house sets 
(one working, the other in reserve). The annual output 
is estimated at 800 to goo million kWh. 


The turbines are supplied direct with natural vapour 
with exhaust connected to jet condensers. 


Since the fluids trom the “ soffioni’’ contain in- 
condensible gases, largely a 4 fer cent. content of 
carbonic anhydride, these gases are extracted from the 
condensers by means of appropriate turbo extractors 
so as to maintain the required high vacuum. 


By deleting the heat transformers, the turbine 
inlet pressure is kept at,4.75 atmospheres at about 
305°F. This is well in excess of the intake condition 
in the pure vapour turbine. The vapour consumption 
is reduced to 21 lb/kWh, which is 50 per cent. less 
than that of the old direct intake turbines, and 
32 per cent. lower than that of the pure vapour intake 
turbines. 


The total installation costs are very much lower 
than those of a pure vapour intake station, especially 
in view of the reduced vapour output required, which 
leads to a considerable saving in boring costs. 


On the other hand, it was necessary to install 
sight turbo-extractors. These machines have been de- 
signed for a maximum output of 12,400 lb of organic anhy- 
dride per hour. The stainless steel wheels rotate at 4,500 
r.p-m., sharing three cooling stages. They are driven by 
electric motors, rated at 1,000 kW, 4,500 V, and 1,500 
r.p.m., equipped with frequency multipliers. Of these 
machines, only one is operated by a direct vapour intake 
turbine. In this way an experimental guide is provided 
for future installations. 


The station is provided with four hyperbolic ferro- 
onerete natural draught cooling towers, built to the 
lesigns of Messrs. L. G. Mouchel & Partners, of London. 
The towers, which are the same as those already installed 
at Larderello II and Castelnuovo, are 230 feet high, 
with a 164 feet diameter at the base. They cool 


2,640,000 gallons of circulating water per hour, from . 


[06°F. to 88°F. under a temperature drop of 18°F. 
with an atmospheric dry bulb temperature of 77°F., 
and a humidity of 60 per cent. (Fig. 9). 


The condenser outlet is discharged into a hot water 
sump. The circulating water pumps consist of 
four horizontal centrifugal machines delivering 50,000 
z/m from the hot water sump to the cooling towers. 


Tn order to avoid flooding, in case of a sudden break 
m circulation, the hot water sump is provided with 
in overflow which discharges into a conduit fitted with 
a self starting Gregoretti syphon, capable of draining 
the maximum circulation and discharging it into the 
river Possera, just below. 


_ The oil is air-cooled with two coolers for each 
30,000 kVA set and one for each 11,250 kVA set. 
The Generating Station 


The tubular steel framed building is of light 
onstruction designed for local ground settlements. 
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The engine room is 300 feet long and 75 feet wide 
with the 11,250 kVA sets in the centre and the 
30,000 kVA sets disposed symmetrically in relation to. 
them. 


Alongside, a 50 feet wide room houses the pumps 
and extractors some 22 feet below engine floor level. 


60 ton and 15 ton electric cranes are provided in 
the engine room and pump house respectively. 


Finally, the offices and other ancillary equipment 
are set out laterally, with the control room well above 
the engine room floor. 


Each of the horizontal 30,000 kVA sets comprises 
a double inlet 22,000/26,000 kW direct natural vapour 
intake turbine with jet condensers, and coupled at 


Fig. 9.—‘‘ Larderello ’’ Mouchel cooling towers 


3,000 r.p.m. to the 30,000 kVA alternator, cos » = 0.8, 
10,500 volts, 50 cycles with a main exciter of 100 kW, 
135 volts and auxiliary exciter of one kW, 65 volts. 


The two 11,250 kVA sets present the same character- 
istics, and each one comprises a 9,360 kW turbine coupled 
at 3,000 r.p.m. to the 11,250 kVA alternator, cos ¢ = 0.8, 
4,500 volts, 50 cycles with a main exciter of 52 kW, 
200 volts and auxiliary exciter of 0.9 kW, 110 volts. 


The jet condensers are in two parts working in series, 
the second part cooling the incondensable gases on 
their way to the turbo-extractors. 


The usual safety apparatus have been incorporated and 
the inlet valves are automatically controlled so as to cut 
off the vapour supply if the flow exceeds accidentally 
Io per cent. of normal. 


The oil pumps are coupled directly to the turbine, 
but during starting operations lubrication is ensured 
by a steam pump. 


The temperature in the alternators is controlled 
by three thermo-couples in the stator and three others 
in the stator windings. 


There are four main 30,000 kVA transformers for 
stepping up 10,500 volts supply to 123,000, 128,000 
and 134,000 volts for transmission purposes. 


They present no unusual features and are of the 
outdoor air cooled type with triangle connection on 
the primary and star connection on the secondary. 
They are fitted with Buchholz relays and thermo- 
couples recording the oil temperature on the control 
panel. 
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(c) Wiring diagram 

The main sets are supplied with rigid connections 
between the alternators and the corresponding trans- 
formers with circuit breakers just beyond the trans- 
formers, bus bars on the low-voltage side (10.5 kV), 
a double system of conductors in parallel with circuit 
breakers between the two systems on the high tension 
side (130 kV), and five lines at 130 kV at the trans- 
mission end. 


Both the 10.5 kV and the 130 kV distributions 
are positioned out of doors near the engine room. 
The alternators and the 10.5 kV bus bars are connected 
by means of unipolar lead covered cables, insulated 
with impregnated paper. The copper conductors are 
designed for a normal voltage of 15,000 V. In view of 
the considerable full load current of 1,650 Amps, it was 
necessaiy to adopt three parallel cables for each phase. 
The cables run in a channel, built into the floor, after 
which they emerge into the open. The channels provide 
easy access for inspection. 


Each generator is equipped with an ultra rapid 
automatic regulator of the indirect action rheostat type. 
A stabiliser is not required, since the regulators coupled 
to the generators and the parallel system, beyond the 
step-up transformers, will give stabilisation in the 
presence of the transformer reactance. 


The sensitive part of each regulator lies in a separate 
mechanism, connected by four electric conductors, two 
of which transmit the feeble correction impulses, while 
the others cope with changes requiring rapid regulation. 
In fact, the regulator is characterised by a double 
action, that is to say, a feeble correction, corresponding 
to small changes in the voltage and a rapid intervention 
coming into play with large variations of voltage. 


Current transformers are coupled to the neutral 
conductor of the star connection which, together with 
the current and voltage transformers at the alternator 
end, supply the voltage regulator, the measuring 
instruments and the complex system of protection. 


The system of protection consists of the following :— 
Maximum current relays, maximum voltage relays, 
differential protection relays, statory and _ rotary 
earthing relays. These relays, with the exception of the 
rotary earthing relays which give only an alarm signal, 
operate not only on the circuit breakers just beyond 
the step-up transformers but also on the flux reducing 
circuit. 


The station’s auxiliary services, which are of ex- 
ceptional importance in this case, are supplied by three 
different sources of energy, namely :— 


(xz) Supply through 11 120 kKVA—4,500 Volt House 
sets. 


(2) Supply by means of two 6,000 kVA transformers 
stepping ‘down to 4,500 volts the 10,500 trans- 
mission voltage. 


(3) Supply by means of a 4,750 kVA transformer 
stepping down to 4,500 volts the 38 kV inter- 
connection grid between generating stations 
in the district. 


The first means of supply is the most commonly used 
so as to maintain constant voltage and frequency. 


The auxiliary services are supplied at 4,500 volts 
with three different feed possibilities on the operating 
panel, namely, the supply of the 1,000 kW motors 
required for the turbo-extractors, the 1,050 kW motors 
running the cooling water circulating pumps, and of 
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the two 150 kVA transformers stepping down the 
4,500 voltage to 220 and 127 volts. 


The 700 kVA transformers feed the more importani 
services, such as :— The electric fans used for cooling 
the lubricating oil, the cooling water pumps attached 
to the turbo-extractors, and the converter set used 
for recharging the batteries. 


The 150 kVA feaeioeeee meet the usual require- 
ments of power (cranes, three phase supply) and 
lighting. 


A 432 Amp./h. storage battery with 86 elements 
supplies the 160 volt, D.C. circuits for warning lights, 
as well as the circuit ‘breakers. A 432 Amp./h. battery 
with 12 elements supplies the 24 volt D.C. circuits of 
the protective gear and of the signal lights on the 
control panels. 


(d) Switching Station 

Adjoining the generating station, this outdoor 
switchgear sapplies five separate transmission lines. 
The transformers can be moved along rails built into 
the sub-station to an appropriate maintenance building 
fitted with go ton cranes. 


The circuit breakers, of the tripolar type and low 
oil capacity, work on a nominal 165 kV, and 600 Amp. 
with a standard release power of 1,150 MVA. They 
are controlled manually by lever and electrically by 
remote control, using a 160 volt D.C. magnetic coil. 


The high voltage switches are of the tripolar rotating 
spindle type, with expansion contacts fitted directly 
on the ferro-concrete supports. They are controlled 
manually by means of small hand wheels, and also 
electrically by remote control, with 160 volt D.C. motors. 


The sub-station conductors are made of Aldrey cord, 
as protection against the local hydro-sulphuric 
atmosphere. 


It is hoped that this paper has given some idea of 
the interesting and fascinating phenomenon of the 
Tuscan “‘soffioni,’’ and has described how they can 
be readily utilised both chemically and thermo- 
electrically. ; 


Valuable boric products of great industrial importance 
are obtained, and a considerable quantity of energy 
is at present generated in Central Italy, a region from 
which transmission to the North and South is vers 
convenient. 

In a country like Italy, which is poor in coal a 
oil, the economic importance of the “ Larderello % 
geothermic generating stations is enhanced when 
one realises that, altogether, they produced in 1950 
a total of 1,300 million kWh. This represented 
5 per cent. of the total energy generated in Italy 
(hydraulically and thermally). It also represented 
30 per cent. of the total energy generated by thermal 
Power Stations, thus corresponding to a saving of 
about 600,000 tons of coal (based on 32 per cent. 
thermic efficiency and fuel with a calorific value of 
12,000 B.Th.U. per Ib). ; 


This energy will be increased by 50 per cent. when 
Larderello III reaches its full production. It is hoped 
that many other great installations will follow, and bring 
their contribution to the solution of an already serious 
and urgent problem which not only prevails in Italy 
but also in the whole of Europe: that of meeting 
the constantly increasing demand for electrical ener; 
both in industry and in the home, for better living 

conditions leading to social security. 4 j 
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The Design and Construction of a Large 
Span Prestressed Concrete Shell Roof” 


By Lt.-Col. C. W. Kirkland, M.B.E., M.1I.Struct.E., M.LELE. M.Cons.E. 
and A. Goldstein, B.Sc.(Eng.), A.C.G.I1., D.I.C. 


The structure which is the subject of this paper 
orms the Garage Unit of a large development scheme 
or the Bournemouth Corporation Transport Department 
it Castle Lane, Bournemouth. The garage (Fig. 1) 
‘omprises nine barrel vaults each 33 ft. in width and 
(48 ft. 6 in. span, providing an uninterrupted floor 
300 ft. by 150 ft. approx. Parallel to and abutting 
he western 300 ft. end is a low level Administration 
Building. A future extension has been planned of 
dentical dimensions to the new garage which will 
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Fig. 1 


Xe constructed at the other side of the Administration 
Building, the latter eventually serving both the present 
ind future garages. 

The structure is to provide accommodation for 99 
Trolley and double deck motor buses. 

Ancillary buildings comprise vacuum cleaning and 
washing plant, boiler house etc. 
' Paper to be vead before the Institution of Structural Engineers at 
rT, Upper Belgrave Street, London, S.W.t on Thursday, April 
ig 1951, at 6 p.m. 
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A large workshop building with prestressed concrete 
north light shell roofs, also a concrete framed stores 
building are now under construction, but these are not 
dealt with in this paper. 

The decision to build the garage in concrete was 
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the result of the national economy requirements 
regarding steel and was to a degree insisted upon by 
the sponsors, the Ministry of Transport. For the same 
reason the designers decided to exploit to the full 
the advantages of prestressing and thereby effected 
considerable savings in steel and concrete in comparison 
with normally reinforced concrete shell design. 
Literature on the subject of shell design has, with 
limited exception, been confined solely to either the 


108 


construction or the mathematics of shells. The authors 
have felt the need of literature which would link these 
two phases of the work, and in presenting this paper 
trust that by preparing dual text under one cover 
they will contribute towards closing a gap of which 
they themselves have been especially conscious. 

It is emphasised that in this paper one particular 
shell only is dealt with, and while many of the concepts 
presented are of a general nature, the theoretical 
and practical aspects of different types of shells naturally 
vary in detail. 

At the time of writing, strain and deflection readings 
are being taken and it is hoped to have some of the 
comparisons ready for presentation during the discussion. 


Design 


The development of an efficient and practical design 
technique has been the aim of engineers ever since the 
conception of reinforced concrete membranes became 


any design office employing qualified engineers to 
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that belief to the idea that such design would take up 
excessive time and would be beyond the capacity of 


the average design office as a business proposition. 


design is as simple as the normal two dimensional 
calculations, but do contend that providing reasonable 
care and forethought is given to the system adopted it 
is not beyond the technical, or financial capacity of 


undertake work of this nature. In this connection twa 
points should be emphasised. 

I. Since the calculations are somewhat lengthy and the 
various stages interdependent, the computations 
are best carried out in tabular form. In this way 
much of the purely arithmetical work can be 
done by relatively junior staff. The tables use¢ 
should be designed so as to reduce the work to 
a minimum, since the majority of the time is 
taken in writing down the figures, not in obtamaay 
them. 
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reality. Whilst the basic mathematics of shells had 


been considered much earlier, it was not until the third 
decade of this century that the greater part of the 
practical development took place. 

The problem of barrel vault design is twofold. A 
shell is a three dimensional continuous structure and 
consequently the determination of internal stresses 
is somewhat complex. A further difficulty is occasioned 
by the edge conditions which usually add additional 
indeterminacies. 

Sufficient has been written on the various basic 
stress conditions in a barrel vault roof to obviate the 
need of a fundamental exposition in this paper. 
Appendix II gives a bibliography of some of the 
publications useful for design purposes and Appendix I 
gives the design methods adopted in this instance in 
some detail. 

The fairly though not unduly complicated design 
characteristic of shell structures has wider non-technical 
implications which merit some comment of a general 
nature. 

It is often said that the design of barrel vault roofs 
is most complicated, and opinion travels swiftly from 
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2. As the calculations are essentially numerical 7 
is advisable that designers work together in pairs, 
one computing and the other checking the figures 
as soon as possible. This cannot be over em- 
phasised. An arithmetical error is immediately 
‘lost’ in the computation and unless detected 
at once will often necessitate the recalculation 
of all the stages succeeding the error. 

The use of prestressed concrete in shell construction 

is becoming more frequent and the two techniques 
are admirably suited to each other. This is particularly 
the case in cross barrels such as described in this paper 
where edge conditions are greatly improved by pre= 
stressing the edge beam, and not onlv are the edge beams 
and overall depth reduced but the amount of transverse 
bending reinforcement is considerably lessened. 
Considerable research is now being carried out as “a 
the possibilities of applying the ultimate load theory 
to shell design. The authors advocate that for the time 
being the elastic theory should be adhered to. It 1 
difficult to see how the ultimate load theory can 
completely replace the elastic theory in this type © 
construction, particularly when the last is combined witl 
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Fig. 4. Assembly of shuttering and corse for intermediate edge beam 


prestressing technique, whilst on the other hand it 
is a fact that where tests have been carried out 
experimental data confirms the results obtained by the 
elastic theory over the range of working load. 

Finally, the question of time taken over the design 
of shell structures is one which is of great interest to 
the practising engineer. 

It is difficult to generalise in this respect as conditions 
will vary from one office to another. It is fairly safe 


to say, however, that if the full design is carried out. 


from first principles, a cross barrel without edge beams 
will take approximately four to five days and with edge 
beams will take approximately a further five days. This 
does not take into account the prestressing design. 
The times given are for two men working together, 
one calculating and one checking. 

It will be found that after a certain amount of 
experience the time taken over the design will be reduced, 
and if sufficient shells of various shapes have been 
designed to provide data for plotting curves of shell 
characteristics the time will be reduced to a much 
lower minimum. 

_ On the other hand, the first shell to be designed will 
probably take longer since a good deal of investigation 
nto various stresses, deformations etc., which do not 
materially influence the amount of reinforcement 
provided, is likely to be carried out. 

' In considering the financial implications of the 
lesign time, it must be remembered that whilst the 
me may be a little longer than for normal reinforced 


concrete framing, the time taken to detail the shells 
is likely to be less than normal, and it is felt that the 
difficulties in this connection may have been somewhat 
exaggerated in the past. 


Construction 


The necessity for high quality concrete resulted in 
a separate specification for the prestressed part of 
the work. In addition, to ensure the best results from 
the materials used, the superstructure concrete was 
vibrated, with the exception of the shells. The vibrators 
used were electrically driven and shutter mounted 
(Fig. 5). All prestressed concrete work had a specified 
28 day cube strength of 6,000 lb per sq. in., while 
4,000 Ib per sq. in. was specified as a minimum strength 
at which prestressing could be commenced. 

Pressure sprayed concrete was required to attain 
4,000 Ib. per sq. in. and at 3,000 lb. per sq. in. the 
shell formwork could be struck. 

The foundations are normal 1:2:4 concrete, hand 
consolidated, and reinforced to cater for the loads 
and moments induced. Stub bars were left projecting 
to take the main column reinforcement. The floor 
slab, again in the interest of steel economy, is un- 
reinforced concrete of 1I:2:4 mix, 8 in. in thickness, and 
consolidated by vibrating screeds. It was cast in 
sections 33 ft. o in. by 13 ft. 6 in. with contraction/ 
expansion joints of a load transference type at the 
junction of the sections. 
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The columns are of 1:2:4 concrete, and were cast 
to the 19 ft. o in. height in two lifts and were vibrated. 

Following the completion of the first section of 
columns the prepared shuttering was assembled for the 
edge beams. The external edge beam, a cross section 
of which is given on Fig. 2, is simplified from the point 
of view of construction by the support obtained from 


Fig. 5.—Concreting intermediate edge beams 


the intermediate columns which frame the door openings. 
The intermediate edge beams (Fig. 3) are similar 
throughout, and these are shown in detail. 

At an early stage in the design a decision had to be 
made as to the system of prestressing which would 
be adopted. The Magnel system was chosen. 

The shuttering to the edge beams had therefore to 
cater for positioning extractable rubber cores (Fig. 4). 
To provide working access, a soffit and one side only 
were first assembled. It will be noted that the cable 
shapes are parabolic in elevation (Fig. 3) and their 
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positions are fixed at specific locations by horizont 
“‘ dowels,’’ and vertical ‘‘ swords.’’ In order to reduc 
the effect of shrinkage of the concrete, the edge beams 
were cast in three approximately equal sections. 

In the case of the early beams the centre section was 
cast first and then the two end sections were cast 
one after the other. These sections of 50 ft. in length 
are almost twice the general length recommended for 

_shrinkage control, but constructional considerations 
made it advisable to use this length. Despite the 
precautions taken, certain small shrinkage cracks 
did occur but these closed completely on application 
of the prestressing. The concrete in the edge beams 
is 1:14:3 mix, vibrated. 

As a result of casting the edge beams in three sections, 
the rubber cores were of necessity left in place in the 
first beams for three to seven days after the first concrete 
was poured. Considerable difficulty was experienced 
in extracting these cores after so long a time, and it 
was further found that after extraction of the cores” 
the cleaning tool which is inserted to clean the ducts” 
was ineffective. As a consequence the standard grills” 
which separate the wires in the cables were found to 
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Fig. 6.—Intermediate edge beam complete.—Note 
tie frame return at remote end x 
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9e too large to pass through the ducts. Special grills 
iad to be supplied in these cases. 

In the case of the subsequent edge beams, cores were 
sositioned in the concrete for each of the beam sections 
sonsecutively, working from one end. The day following 
sasting each section of the beam, the composite rubber 
“ores were withdrawn and the cable ducts cleaned of 
ins of concrete by means of the cleaning tool. This 
srocedure proved to be satisfactory and the standard 
srills now pass through the ducts with ease. 

The progress planning of the work had been based 
m extraction of the cores from the full length of the 
yeam, arid the amended method might have caused 


Fig. 8.—Inserting cable in end edge beam.—Cable 
is supported on revolving spinner and is winched 
through the ducts from the remote end 


delays had not the contractors provided additional 
shuttering and worked on two edge beams simul- 
taneously. 

Strain hardened, square twisted bars were provided 

to project from the top of the edge beams to act as 
“starter ’’ bars to the shell reinforcement and to ensure 
that the membrane and beam would act as a monolithic 
structure (Fig. 6). 
Twenty-four hours after completion of concreting, 
the formwork to the sides of the edge beams was 
removed for re-use, but the soffits were kept in position 
until completion of the prestressing. 

The architectural design required a canopy to be 
constructed projecting from the external edge beam. 
Some consideration was given to the possibility of 
casting this unit while the shuttering to the edge beam 
was in position. It was found, however, that the effect 
af prestressing would be reduced in the beam, and 
Mm consequence the canopy was not cast until pre- 
stressing had been completed. 

Shuttering to the tie frames (Fig. 3) proceeded 
simultaneously with the edge beams. The concrete 
sed was I:2:4 vibrated mix. A short return of the 
tie frames was cast with the end section of the edge beam 
(Fig. 6) and castellated construction joints were used 
between the returns and the centre portions of the 
tie frames. No special economies could be obtained 
by prestressing the tie frames, and normal strain- 
hardened reinforcement was used. As with the edge 
beams, starter bars were left projecting from the tie 
frames to connect with the end of the shell membrane. 
A point of interest is that due to the arching action 
of the shell the tie frames were designed to take the 
vertical loads and the shell thrust. Reinforcement 
meet these conditions was provided at the top and 
ttom of the tie frames. 
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It was decided to form the shell (Fig. 7) of pressure- 
sprayed concrete as it was felt that by so doing the 
difficulties of manual compaction could best be over- 
come. It was anticipated that a high grade concrete 
could be placed by these means which would contain 
a minimum of voids and also provide a dense soffit. 
An original proposal to line the inside of the shells 
with soft building board.was overruled by the sponsors 
on grounds of economy, and while this measure is 
regretted, it has permitted a detailed examination 
of the soffit of the shell to be made. This has proved 
gratifying, although in the first shell, at points where 
temporary stoppages in the work had occurred, small 
deposits of entrapped rebound sand were found which 
could be scraped away with ease. Thorough investigation 
has shown these patches to be local only, and not to 
penetrate more than } in. into the membrane. They 
have been removed and the affected areas made good. 
The alternative of hand placed vibrated concrete was 
considered, but rejected on the grounds that top 
shuttering would prove a difficulty and also that 
vibration might have an adverse effect on recently 
placed uncured concrete, particularly as the height of 
the struts to the shell formwork facilitates the trans- 
mission of vibration despite considerable bracing. 
Fig. 14 shows the application of the shell concrete. 

The formwork to the shell was of steel sheets sprung 
to the required radius and tied to purlins of tubular 
scaffolding which spanned between tubular spandrels 
(Fig. 13) bent to radius. The whole was supported on 
a tubular scaffolding “ birdcage ’”’ which inccrporated 
raking struts. These raking struts were provided to 
resist the unbalanced thrusts of the shells which 
occurred when the soffit of one shell was struck prior 
to the adjacent shell being completed. 

The problem of treatment of the shell formwork 
to prevent adhesion of the concrete caused some concern. 
Shutter grease was used on the end shell, but by the time 


Fig. 9.—East side of garage under construction. 

‘Corrugated ’ chase in foreground forms the con- 

struction joint for a short canopy over the fuelling 
position 


the reinforcement had been fixed the elements and the 
workmen had combined to remove most of it. Some 
had contaminated the reinforcement where concrete 
spacer blocks had become broken or misplaced. It 
was found, however, that the minute quantity remaining 
by the time concreting commenced was completely 
eliminated by the first -last from the cement gun 
and removed with the rebound particles which were 
disposed of through apertures left in the formwork. 
The use of limewash was considered but rejected on 
the grounds that its life would be shorter than the 
shutter grease. The second shell was cast against 
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Fig. 11—Underside of first two vaults completed—without soffit finish 
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untreated formes, and no difficulties were experienced 
in striking. 

On completion of the first two shells and after the 
pressure sprayed concrete had reached the specified 
strength, the operations preceding prestressing the 
external edge beam were begun. The cables which 
had been bench assembled on the site previously were 
inserted and winched into the ducts (Fig. 8) and the 
distribution plates buttered with a thin coat of cement 
mortar were offered to the parent concrete in the 
appropriate chases. After the mortar had hardened 
(normally three days) tensioning of the wires was com- 
menced. As the anchorages were 150 ft. apart, normal 
methods of communication were superseded by use of 
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Fig. 12.—Suspension fitting 


a balanced armature self-energising field telephone set. 
The supervisor working on the jack indicated to his 
assistant at the remote end the pairs of wires to be 
tensioned and instructed them as to the driving and 
wedging of the wires. 

The operation proceeded smoothly. The time taken 
to prestress one pair of 0.276 in. dia. wires varied from 
seven minutes to ten minutes. As the operatives gained 
experience in the use of the equipment the time taken 
in prestressing was reduced. The extension on the 
wires obtained was 7} in. to 7$ in. on 150 ft. Jength 
of cable, representing a compressive force in the concrete 
of 508 tons approx. With the 15 per cent. allowance 
for shrinkage, creep, etc., the final prestress is not less 
than 430 tons. 


Prior to the prestressing operation, a number of . 


strain gauge stations were established and gauge plugs 
were fixed to the concrete, using a jig with location 
points at ro-in. centres. During the prestressing 
operation readings were taken using a specially designed 
direct reading strain gauge incorporating a Mercer 
high sensitivity shock proof dial gauge reading to 
0.0001 in. For purposes of recording gauge readings 
the engineers also used a field telephone installation. 
The senior engineer supervised the readings from the 
Resident Engineer’s office and the figures were read 
direct to him by the engineer using the instrument at 
the various stations. A further telephone was positioned 
at the stressing end of the beam and continuous 3-way 
communication was thus established. A direct check 
as kept by the senior engineer as to the behaviour of 
‘i parts of the structure during prestressing. This 
rocedure, which eliminated field errors by easy 
eference to master data sheets in the office during the 
tressing operations, is to be recommended. At the 
ime of writing, sets of readings have been taken for the 
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external edge beam, the first and second shells and the 
first intermediate edge beam only. Analyses of the 
complete figures will be made in due course, and 
correlated to the ““E”’ value of the concrete should 
provide an interesting comparison between design and 
actual stresses. It is hoped to publish these figures 
at a later date. 

During prestressing, the first intermediate edge beam 

“ hogged’’ approx. } in. from the soffit support at 
its centre and accurate deflection readings will be 
obtained from future beams. 

The finish to the shell is to be bituminised felt, but one 
complete barrel at the centre is to be left uncovered 
for a period to determine the behaviour of the pressure 
sprayed concrete and for observation generally. 

An attempt at rigid quality control of concrete work 
has been made. Test cube results from the concrete 
in various parts of the work have been used as keys 
to the time and strength control of various operations. 
This has been a necessary precaution for the prestressed 
concrete work and its application has not produced 
delays. 

Figs. 9 and 10 are general progress photographs 
which show progressive stages of work on the tie frames. 

Fig. Ir is an interior view of the first two shells. 

Fig. 15 shows the top of the finished shells and in 
the background can be seen the reinforcement and 
shuttering to further shells prior to concreting. 

The following is a table of reinforcement (of the 
shell structure only) expressed in terms of pounds per 
sq. ft. covered :— 


Mild Steel H.T. Steel Prestressing 
wire (7 m/m) Total 


Shells 28 0.037 I.05 TasOOH: 
Edge Beams... 0.087 0.38 0.92 1.387 
Tie Frames ... 0.045 0.25 0.295 
Columns 0.34 0.34 
Foundations... 0.26 0.26 
Totals 0.769 1.68 0.92 3.369 


The Fire Committee have insisted upon a sprinkler 
installation being incorporated and the mains for this 
service, together with the electrical conduits to the 
parabolic reflector lamps which are to illuminate 
the lanes between the garaged vehicles have had to 


Fig. 13—Formwork and scaffolding to shell 


be catered for. The obvious objections to the cutting 
of holes for fixing services to prestressed concrete work 
could only be overcome by early planning of these 
services. 

The sprinkler mains and electric conduits are 
positioned on the side of the edge beams and will be 
carried by steel brackets secured by bolts which have 
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been cast in the edge beam concrete. These bolts can 
be seen in Fig. 11, which shows the first intermediate 
edge beam with the soffit support removed, and it will 
be appreciated that considerable care was necessary in 
locating these fixings in the formwork to the degree 
of accuracy required, and in such a way that on striking, 
the formwork remained undamaged and fit for re-use. 
The branch pipes to the sprinkler nozzles which are 
situated at approximately third points on the curve 
of the shell, and at 9 ft. centres had also to be supported, 
and a special fitting was devised comprising a female 


- * a 


Fig. 14._Pressure sprayins the shell 


tapped body to take the future screwed rod sling, spot 
welded to a piece of wire fabric 15 in. square (Fig. 12). 
This unit was placed in position accurately on the shell 
formwork and securely wired to the shell reinforcement. 
The tapped socket was closed with a flush fitting screw 
plug to prevent entry of concrete into the threaded 
body. This plug was subsequently removed from the 
soffit of the shell. 

Top lighting of the shell by glass dome lights had to 
be abandoned for reasons of economy and as the degree 
of illumination provided by glazing in the walls etc. 
amounts to 9.5 lumens per sq. ft. (average) at a working 
plane 5 ft. above floor level, and with the doors open 
this figure is increased to 15 lumens, this was justifiable. 
The general use of the garage will be at night time, 
when artificial illumination becomes essential, while 
during the daylight hours only a small amount of 


Fig. 15.—Top of first two vaults completed.—Dark 
patches in gutter consist of the rebound sand prior 
to removal by brushing 


general servicing is likely. A line of inspection pits 
in which artificial lighting has been provided will cater 
for general servicing, wheel changing etc. Major repairs 
will be carried out in the workshop building now under 
construction. 


-engineer and architect factually working in complete 
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The ancillary buildings, mentioned earlier, wer 
constructed in conventional reinforced concrete, ar 
the work was carried out concurrently with that in th 
garage building. 

The Architects for the work are Messrs. Jackson 
and Greenen, F./A.R.I.B.A., A.M.T.P.I., of Bourne- 
mouth, to whom the authors would like to acknowledge 
the ideal degree of collaboration which resulted in both 


harmony as members of a team, captained by them, 
and as well, to thank them and the Bournemouth 
Corporation Transport Committee for permission to 
present this paper. 

The Contractors are as follows :— 


General Contractor ... James Drewett & Son, 
Bournemouth. 

Specialist Sub-Contractor for The Vibrated Concret 
vibrated concrete work in Construction Co., 
the superstructure and for Lig 
prestressed work. 

Specialist Sub-Contractor for The Gunite Co., Ltd. 
pressure sprayed concrete 
work. 

Suppliers of 
equipment. 

(Magnel System). 
Acknowledgement is also made to all those who 

have kindly lent photographs for inclusion in this paper. 
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_ Design and Calculations for Barrel Vault 


The calculations are carried out using Finsterwalder’s | 
approach. For the full explanation of the theory 
reference should be made to the works given in 
Appendix II. The symbols in this paper are similar i. 
those employed by the above author to facilitate 
cross reference. 

The calculations can be divided into the general 
headings of : 

(x) Intermediate Shell ; 

) End Shell ; 

(3) Correction for junction effects ; 

(4) Prestressing Calculations—Intermediate Shell ; 
(5) 

(6) 


Appendix I 


Prestressing Calculations—End Shell ; 
Effects of additional columns under end edge 
beam. - : 


Due to shortage of space it is impossible to reproduce 
the entire calculations here, but items (1) and (2) 
which contain the bulk of the work and the basic 
principles will be dealt with in detail. 

It must be emphasised that the amount of detailed 
calculation given in the following is more than what 
would be necessary for a normal design, e.g. the numbers 
are given to 6—8 digits. This is not necessary throughout 
the calculation. The simultaneous equations will 
generally have to be solved with a calculating machine, 
but for the remainder of the work experience soon 
shows that not all the evaluations are particularly 
sensitive. As in this instance all the original calculations 
had been carried out with a machine they are reproduced 
here in a similar manner. Again, not all the deflections 
obtained in this instance would be necessary for a 
normal design. 


Design Loading 
SHELL (Ik. per sq. ft) : 


OW. 3) = 36 
Covering = ¥ 
Super (total) = I5 


Total ‘ go’ 


I 
¥ | 
N 
—y 
S 
— 
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i a 


April, 1951 


INTERMEDIATE EDGE BEAM (Ib. per ft. run) : 


One half edge beam considered 
on each side of the shell. 


OW... (72-5) = 300 
Thickening == 00 

Rain = TO 

Plant == 25 

(lotal: “9: Pee 405 lb. ft.run 

EnpD EDGE Beam (Ib. per ft. run) 

O.W. (96 x 12) ail, 152 
Thickening ce TOO 

Plant er 25 

ACAI es 5 eG) 
Canopy (6’ x 12" x 4") a 200 
Brickwork (8 x 45) = 360 

Total ‘qo’ = 1,935 Ib./ft. 


Subsequent to the design, a number of minor 
architectural modifications were made to the end edge 
beam, resulting in a small increase in the load (Fig. 2). 
The effects of these modifications, particularly with 
intermediate columns provided, is negligible. 


Schedule of Symbols used 
Reference should be made to Fig. A.r. 


L = total length of shell. 
R = radius of shell 
8 = thickness of shell. 
as = eh 
2 
ss R shell factors. 
bs —— / 3. et 
ds is 
g = total design load on shell (Ib./sq. ft.). 
dys = depth of intermediate edge beams. 
dpo = depth of end edge beams. 
2bz: = width of intermediate edge beams. 
bo = width of end edge beams. 
qi = total design load on intermediate edge 
beams (lb./ft. run). 
Jo = total design load on end edge beams 
(Ib./ft. run). 
o = angular measure from origin. 
OK = total angle subtended by shell. 
Ox = semi angle subtended by shell. 
x = longitudinal measure along shell from 
origin at centre. 
M, = transverse bending 
moment in shell 
qs = transverse thrust in 
shell. 
iis = longitudinal force in ; 
shell. Acting on a unit 
N, = radial shear force in | element of the 
shell. shell. For sign 
= = plane shear force in | convention see 
shell positive Fig. A.1 
when producing 
tension along a 
diagonal of in- 
creasing values of 
and x. 
radial deflection of BieUeerositive when 


towards centre. 

= tangential deflection of shell—positive 
when in direction of increasing values 
of o. 

= tangent rotation in shell. 


LA 
AB 


> 


M 


Vis, CBS yO Ae ey Bt 


Jy K,, te fates 
Jn, Kn, f'n, Kn 


@, By 5B 
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vertical deflection 

of shell. 
horizontal deflect- RY eae : 

ion of shell t springings, 1.e. 
vertical force in ¢°° (see equa- 

chéik tions 13). 
horizontal force in 

shell. . 


longitudinal load distribution expressed 
as series P=4/c cos cx where c=n, 


i 


— 3r, +57 etc. 
loading term, ~, —3z, +5r etc. 


pL* 
longitudinal B.M. derived from p ( — 
8 
in series. 


5 pL* 
deflection derived from #, (=. | 
384 EI 
in series. 


integration constants  deter- 
mined from edge conditions 
of shell. 

roots to characteristic equation 
of shell. 

= (n—-1)'* derivatives of roots. 

= oscillation factors (see Table A). 

= fundamental constants (equa- 

tion 5). 

vertical symmetrical force at shell-beam 
junction. 

vertical antisymmetrical force at shell- 
beam junction. 

horizontal symmetrical force at shell- 
beam junction. 


I 


al 
Te 
Fig. Al.—Forces acting on shell element 
(All shown positive) 
horizontal antisymmetrical force at 


As, A*,..B’ 


sma 


I 


I 


Il ll 


shell-beam junction. 
longitudinal symmetrical force deriva- 


8S 

tive (=) at shell-beam junction. 
dx 

longitudinal antisymmetrical force deri- 


8S 
vative (— | at shell-beam junction. 
8x 

integration constants for various unit 
loads acting above (symmetrically 
and antisymmetrically) at shell edge. 

denotes membrane condition. 

vertical deflection of shell edge in 
membrane condition. 
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3mB = horizontal deflection of shell edge in 
membrane condition. 

AAA, AAB, ADB, etc. denote hypothetical gaps between 
shell and edge beam for unit edge 
loads. First suffix indicates the type 
of gap, e.g. ‘A’ for vertical sym- 
metrical deflection, ‘ F’’ for horizontal 
antisymmetrical deflections, ‘D’ for 
longitudinal symmetrical stress etc. 
Second suffix indicates type of edge 
load causing gap, e.g. ‘ A’ for vertical 
symmetrical etc. 

Ama, Amp, etc. denote hypothetical gaps under 
membrane conditions where ‘ A,’ ‘ B’ 
etc. indicate type of gap. 

Design Dimensions 
3 = I504t, 0-ie. 
ds = 24 in. 
R eb O ame 
dpi = 6 ft: oink. 
2.bz1 == TO 11. 
dso = § ft. o in. (upstand). 
bgo dine 
ed ee ee 238 

as = = ———— = 0.232045 
ne 150? 
V3. £6732053 29X12 

bs = =— ——-— = I91.2187 
| ds 2.5 

OK = gI°— 40’— 44” = 1.6000984 RADs 

Ox = 45° — 50’ — 22” = 0.8000492 RADs 

Sin Ox = 0.7173913 

Cos Ox = 0.6966714 


Design 
The loading, taken as uniformly distributed on the 

shell is expressed longitudinally in a Fourier’s series 
thus :— 

4 (cosn*® Icos3ex Icos§xx ) 
p= ie Sse 5 ape ee 

t “i 3 fs E 
which on successive integration gives equivalent bending 
moments and deflection :— 


4 L* { cosx% I\ Scos3nx I\ *cos57x 7 
( ) ' ( ep 
3 £ 5 L J 


Ma. 
i vice L 


rT? = Ax 
==... x da: ta ae 
YN Big ty TK I COS 35 x I\ ®cos 52x 
Sy Se pipe cE ae Nee +(-) . 
m =| 3 5 L 
= ies BS i 
— one = os = see sae (Ic) 
384 16>. 24 
The entire calculations should, in theory, be carried 
out for each load term of the series, i.e. 6 = — where 
¢ 
¢ = nm, — 35, + 57, etc., but in practice it is nearly 


always permissible to use only the first load term, i.e. 


4 
¢ = zand p = —, as has been done in this paper. 

The membrane unit forces and deflections are given 
by the following :— 


tele, [cos (o — ®q)].p ©... — - (2a) 
3 

— = —2¢ {sin (o —®x)].p an eo os (2b) 
3x 


-constants which can be obtained from the edg 
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‘2g ; 
T, = —— [cos (w — ®x)] . M 3-5 ec (2c) 
R 2g 9 
E.ds.4=4g\sin(o — ®x)|. M+ — [sin(e —®x)).8 (2d) 
Ye fe: 
E.ds.t=gR*\cos(@ — ®x)|.f+4g/cos(@ —®x)). 
2g 
4+—{c0s(@—®x)1.3 oe eee (2e) 
R? 

Since for the calculations the cenire of the shell 
(x = 0) is considered it is more convenient to work 
in 3S/3x for shear force. 8S/8x will be maximum at 
x = 0 (as are all other stresses, deformations ete. 


considered) and a simple integration at the end of the 
calcalation will give the shear force S. ; 
As can be seen, the membrane stresses for a shell 
of this nature are statically determinate. However, 
in order that the membrane stresses only be maintained 
it is necessary to provide edge restraints of a rigidity 
which is impractical, undesirable and frequently, as 
in this instance, impossible. 
Calculations must therefore be made for the secondary 
stress condition using the general elastic theory. The 
term ‘secondary’ may be misleading; in this shell 
the secondary stresses are much greater than the 
membrane stresses. 
In the calculations the various forces are considered 
as unit forces, i.e. forces (in lb.) acting on an element 
of the shell 1 ft. square. To obtain stresses, the forces 
are eventually divided by the cross-sectional area 
of the element (i.e. 12 in.'x 2} in. = 30 sq. in.). © 
All unit forces, deformations etc., can be expressed 
as a sum of damped oscillations travelling across the 
shell from the edge, considered and varying according 
to a cosine relationship (Ia to Ic) along the length of 
the shell. 
Thus'at x = 0: 
Unit Force Deformation etc. = 
Ya(a.e 1© sin Kiw+ BeJ1© .cos Kio) 
+ YB(a.e)! .cos Kyo — 8.2)! .sin Kye) 
+Y'a(a’.e32© .sin K’10+ 8’ 237 .cos K’ 10) 
+ Y’B(2’.e3"© .cos K’1a — 8.23 .sin K' 10) aan 


ie. =YA.a+YB.0+Y's.a’+Y'B.6’ ... - 


where @ =(«.e)1@ .sinK,e+ 8.eh® .cosK ,o) 7 
b =(a.e]}© .cos Kyo — 8.eM .sin Kyo) ) 

a’= (2.237 .sin K’1@+ 8.23 .cos K'10) 
b’=(2'.e3" .cos K’1m — 8’) .sin Kw) J 

The values a, b, a’ and 0’ are called the fundamental 
constants. 
In equation (3), J:, A,, J’1, and A’: are four roots 
of the characteristic shell equation obtained from the 
elastic stress strain equilibrium. /J, and /’: determine 
the damping of the oscillations, K, and K’: the wave 
lengths. x, 8, x’ and 8’ are constants (oscillation factors) 
which are different for each force or deformation but 
which can be obtained from successive derivatives of 
Ji, Ky, J’: and K’: and the geometrical constants o 
the shell include Ya, Ys, Y’A and Y’B are integration 


conditions. 
Differences of opinion exist as to the accuracy of the 
various characteristic equations proposed by differen’ 
workers in this field. It is not the purpose of this paper 
to discuss these. It is generally accepted, however, 
that for a long shell such as is considered here, 
Finsterwalder’s equation will give very accurate results 
and the forces in the sheli not considered here can | 
neglected. This equation is: 
af sh aT ay <7 sat — I a 
“fe ee ee 4 

do® do’ det do dwt de? ‘ 
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df a 
+ as” tz. — oh 4as"b5*f = 0 aoe (6) 
do de? J 
cR? 3R? ; 
where a, = —~+; D,? = ; f = function for M, 


L? 
' Thegeneral solution to the above equation is : 
F— Jj ,eJ sin Kiw + Bie! cos Kyo + A’reJ’ sin K’10 
+ B’rveI © cos K’1ia ff (7) 
where A,, B,, A’1 and By are Bone tants. 
There are eight roots to equation (6), four of which 


produce damped oscillations. These four roots (J,, Ky, 
J’: and K’:) must first be obtained. 


Now considering J; and A, (the procedure is similar 
for J’: and K's), if 
as], aK, 
= J, +2 and Kren 
do® do® 
the various derivatives of the roots required can be 
obtained successively from 
Es -—K,.Ki-1 ) oe 
== Jy. pee aie sGe ne ; y eYers avers (8) 


Gt cine equation (7) in equation (6) and trans- 
forming with equation (8) the following simultaneous 
equations are obtained. 

v.*— 6/.? K.2+ K,') 13 (2 — 2a) (J22—3J.K2*) + 
cae + + ds?) Beebe *) + J,.(as*—2ds) + 4s? bs? 


ay ee oe (ga) 
as eo Die zai} (3/.7— K,?) + 2J2(I — 4as 
+ a") + (as? — 24s) == 6: site hee ree (gb) 


There is no direct solution to the above two equations, 
but if the damping is strong (as it generally is) a close 
{pproximation is given by 

as As 


> 
| 
2 | 
as® as? | 

; CVA ( ; Gs” bs) | > (10) 
8 64 / 
| 
| 


as” as* 
where Z = — Z' = \/ le + 4/ (= + as? oe] | 
8 64. J 


The values obtained from equations (10) can be 
sorrected using the Newtonian correction. If they 
9e substituted in equations (9), an errorA, and A, will 
9e obtained instead of zero. The correction for /, and 
K,, viz. AJ, and AK, is obtained from the following 
equations which are derived from equations (9) through 
oartial differentiation with some simplification :— 


ie — 12],K,* — 6asJ2* + 6asKy? + 200°/2) 


2 (4K,° — 12],9K, + I12a,/,.K, — 2as"K;,) 


ae ‘ (IIa) 
NA aa Ns 2 pee 4K) an AK, (4a, — 
we Me Gry) 
One correction is ona scpicient ead finally the roots 


Are obtained from 


EXY 


The various derivatives of the roots are obtained from 
equation (8). 

The roots and derivatives for the shell described are 
given in Table I. 

The oscillation factors are obtained next from Table A 
and are shown in Table II. 

It is now necessary to decide at what intervals the 
forces in the shell are to be evaluated. It is generally 
sufficient to calculate the forces at the springings, crown 
and quarter points of the shell. 

The values of the various oscillations eJ!© sin Kyo 
etc., are next calculated for the points chosen and are 
shown in Table III. In this connection two points are to 
be borne in mind :— 

(1) Since the shell subtends a fairly small angle, 
disturbances at one edge will influence the remote 
edge: consequently oscillations originating from 
both edges are taken into account. 

(2) As will be seen later, it greatly facilitaies the 
calculation to divide the system of loads, edge 
conditions etc., into a symmetrical system and an 
‘antisymmetrical’ system. The oscillations from 
the two edges are therefore added for the sym- 
metrical case and subtracted for the antisym- 
metrical case. 

The fundamental constants for the various points 
in the shell can now be calculated and are shown in 
Table IV. 

Care must be given to the signs as, in accordance 
with the convention adopted, symmetrically arranged 
values of 7,, M,, T, and ¢ have equal signs and of 
N,, 8S/8%, 4 and v have unequal signs and vice versa 
(Fig. Az). In the symmetrical condition, therefore, 
the a oscillation values are used for 7,, M,, 
T, and ¢ and the antisymmetrical oscillation values for 
Nz, 3S/ax, q and v. The reverse applies in the 
antisymmetrical case. 

In the same way the fundamental coefficients at 
o = +} ox and o = 3x for the symmetrical condition 
have equal signs in the case of T,, M,, 7, and ¢ and un- 


Fig. A2.—Symmetrical arrangement of forces etc. 
showing sign inequalities 


equal signs for N,, 8S/8x, 4 and v and again the reverse 
is true in the antisymmetrical condition. It is advan- 
tageous to mark the values of N2, 3S/3x, , and v with 
an asterisk to show that care is needed. 

The fundamental coefficients for the vertical and 
horizontal loads and deflections at the springings are 
obtained from 
Note :—The origin V=: +7,sin ®x —N, cos ®x 

springing is H=—T, cos ®x — Nysin ®x (1 
considered here. AA=— sin Ox + {cos Ox 3) 
AB= + ncos ®x + {sin DB, 

The remaining step in the calculation prior to the 
direct evaluation of the various forces is the determina- 
tion of the integration constants YA, YB, Y’A, Y’B. 

In the case of a shell without edge beams, i.e. a 
shell with free edges, the above determination is relatively 
simple. At a free edge the following conditions exist :— 

M, =O RN, 0 0 S$ =6. 
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TABLE ‘A’ 
Oscillation Factors 
e B a! ie = p’ 
M, —I Oo —I fo) 
I I I I 
Nz ——.], ——.K, ——.J'; ——.k’, 
R R R 
‘ iy it a0 Ee 
re eae e 4 ec ey, Bea 
5 3S I I I I 
— A al a) === (ia ay) 1rd a) ma (FE got Pe 
bx dik We R2 R2 
I I : iv Tr 
T, i =e eee © heat f) oe eat tg) A eda) a (A',+K"%) 
| ask a,R agk agR 
2 I 2 if 2 I BD I 
E.ds.7 + —VJi+J3)—— JatJs) | «+ —(Kit+Ks)——(Ka+Ks) |+—U's+-J's)——Ust- J's) |+— (K+ K's) _(K' 34 
| ds Pe as Ose as as? ds as” ] 
2 Ds 2 # 
Jato Weta) = Ket == (Basis) at fe os ee oa FY Bor), Kote (rr gy 
as ag as as, 
Pode I | I I I 
Sa ag (Ja+Je) | sae (K4+- 5) Sra, ht (ae Je) es ea (K'4+K’.) 
a*, | ar, ars as 
2 : 2 2 Sa 
Sse She A psed!g) ee | aes) a oi ee et ey see —K',+ — (K',+2K’,+ KG 
| : a as a a 
E.ds.R.v|| I ‘ I I : a ; 5 
| Se sae Gate) —— (K,+2K,+K,) ge 2g Mea) —— (K', 2K", +h) 
£ | ag? as? as? ds? , 


Knowing the values of the fundamental coefficients 
at the edge for the above forces, equations (3) can be 
written down for the four forces and equated to zero. 
Solving the four simultaneous equations thus obtained 
gives the integration constants. 

Where a shell acts together with edge beams as is 
the case under consideration the solution is more 
difficult. It is this condition which seems to have 
received less attention by workers in this field and it is 
thought that a somewhat detailed exposition of the 
solution is in order. 

The approach is as follows :— 

(x) All the statically determinate forces on the shell 

and edge beam are assumed to be acting (Fig. A3). 

(2) A hypothetical cut is assumed to exist between the 
beam and the shell. 

(3) Notwithstanding the assumed cut all forces between 
beam and shell are assumed to be transmitted. 

(4) Due to the above the beam and edge of the shell wil] 
deflect certain amounts which will not be equal 
but which can be calculated. 

(5) Due to the inequality of the deflections in (4) a 
hypothetical gap between the beam and the shell 
is introduced. 

(6) (a) This gap (or difference in deflection and stresses) 
is closed by the application of certain forces (equal 


and opposite) to the beam and shell at the junction. 
(b) Alternately it can be said that the gap does not 
occur due to the existence of certain unknown 
forces at the junction of beam and shell. 
(7) The edge forces in (6) cause the secondary stresses 
in the shell which can be calculated once the edge 
forces are known, since the integration constants 
can then be determined. 


FORCES PRODUCING ‘Gap* 
IN MEMBRANE CONDITION 


Fig. A3 


It will be clear that the edge gaps and therefore the 
edge forces, which are functions of the gaps, 
dependent on the relative stiffnesses of the beam and 
shell and are statically indeterminate. ; 


TABLE I 
Roots and Derivatives of Shell Equation 


EQUILIBRIATING EDGE FORCES 
TO CLOSE GAP 


‘Derivative 
Order I Ae 3 
“if — 2.77354 + 6.25562 — 9.37958 
K + 1.19871 | — 6.64934 + 25.94088 
at — 1.15351 | — 6.98767 + 27.25067 
Be + 2.88414 | — 6.653752 | —12.47825 


i) ee: 


| gi Rea 
— 5.08096 | + 113.8147 — 584.9529 | + 2205 717 ; 
—83.19147 + 224.6443 — 486.6290 | + 648.496 
+ 4.55513 —273-4459 | + 586.8025 | + 1284.464 
+ 92.9885 — 94.1253 — 680.0815 | 58 


+ 2477. 
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TABLE II 


Oscillation Factors 


ie 4 ic} a! B’ 
M, Te Fe. re) —— I re) 
Nz -+- 0.12059 —@. 052118 + 0.050153 — 0.52539 
T. ++ 0.27198 —o.28910 — 0.30381 —o.28929 
8S/3x + 0.022974 — 0.051304 — 0.049333 + 0.018136 
Lis — 0.22010 + 16.83344 + 0.45578 —16.17650 
E.ds.1 — 2044.296 — 4419 .901 + 4797-221 + 1897.129 
Bids.C + 10961 .861 + 9814.904 — 10998.226 + 11654.149 
: : E.dz.u.R — 44212.682 — 18501 .838 ' — 16128.411 — 43266. 429 
The gaps are expressed as differences in vertical and In the end shell, non-symmetrical conditions exist ; 
orizontal deflection, longitudinal stress and edge the edge forces are therefore divided into symmetrical 
station. The forces required to close the gap consist of forces XA, XB and XD (V, H, 8S/8x) and antisym- 
vertical force V, a horizontal force H, a longitudinal metrical forces XE, XF and XH (Fig. Aq). In the same 
ace S (or 8S/8x% for coniputation) and a transverse way two sets of integration constants will be obtained 
moment M, (Fig. A3). It can be seen that four and the final secondary forces in the shell will consist 
adeterminacies exist for each edge beam, i.e. a total of the symmetrical plus the antisymmetrical forces. 
f eight statically indeterminate forces. This can be 
educed to three and six respectively by neglecting the ro y : 
orsional deformation of the edge as is permissible where Flexibility Coefficient Method to determine the 
he edge beam is fairly stiff compared to the shell. Statically Indeterminate Edge Forces 
In the case of the intermediate shells which are The effect of unit loads acting on the shell edge must 
ymmietrica] in properties and loading only three indeter- first be determined. This is done for each load acting 
iinate forces need be solved, since the three forces at the alone in turn. The loads are distributed along the 
emote edge will be identical. The forces to be x-direction in the usual cosine distribution with an 
etermined are accordingly called V, H and 8S/8« (or intensity of 4/~ for the first loading term, in the 
fA, XB and XD). centre (x = 0). 
TABLE III 


Oscillation Values 


eJ1O sin Kyo 2310 cos Kyo 
' Vibration Vibration Total Value Vibration Vibration Total Value 
Location from origin | from remote |— | from origin | from remote 
springing springing symmetrical anti- springing springing symmetrical anti-_ 
symmetrical symmetrical 
Origin 
springing to) =P OLQrt4 7 --'GOLDIl47| —-O.OL1r1147|| + £.0 —0.0040227| + 0.9959773| -+ 1.0040227 
jor + 0.1521201| + 0.0355354| + 0.1876555| + 0.1165847 || + 0.2925419|] + 0.0047274| + 0.2972693 | + 0.2878145 
40x + 0.0890029 | + 0.0890029| + 0.1780058 oF + 0.0624402| + 0.0624402 | + 0.1248804 fo) 
Be, + 0.0355354| + 0.1521201| + 0.1876555 | —0.1165847 || + .0.0047274| + 0.2925419| + 0.2972693 —0.2878145 
— | 4 
Remote | 
springing || + 0.O0111147 fo) + 0.0111147| + 0.0111147 || —0.0040227| + 1.0 | +.0.9959773 | —1.0040227 
7 e310 sin Kw eJ® cos K';@ 
7 Vibration Vibration Tota! Value Vibration Vibration Total Value 
Location || from origin | from remote : from origin | from remote a 
; springing springing anti- springing springing : anti-_ 
symmetrical | symmetrical | | symmetrical | symmetrical 
_ Origin 
springing fo) —0.1571608 | —o0.1571608| + 0.1571608 || + 1.0 —0.0153697| + 0.9846303 | + 1.0153607 
a 
tox + 0.5763438 | —0.0534105| + 0.5229333| + 0.6297543 || + 0.2553570| —0.2447402 | + 0.0106168 | + OeseCOU Te: 
I + 0.2943471 | + .0.2943471| + 0.5886942 o — 0.2669652 | —0.2669652 | —0.5339304 co) 
— 0.0534105| + 0.5763438| + 0.5229333 | —0.6297543 || —0.2447402 | + 0.2553570) + 0.0106168 | —0.5000972 
—0.1571608 fe} —0.1571608 | —0.1571608 || —0.0153697| + 1.0 + 0.9846303 — 1 .0153697 
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To obtain the effects of these unit loads on the shell, 
> integration constants A, B, A’ and B’ (for unit 
ids) are determined from the following equations :— 
i i.e. in direction of V : 
A.a+B.b+A’'.a’+B'.b' 
3 i.e. in direction of H : 
Aap .0--A’.a'+B’.b' = 0; 
) 1.e. in direction of 3S/8x: 
A.a+B.b+A’.a'+B’.b’ 


| 
ass 

r| 1 

lo} 

jo) 


4/n; 0; 


Cngions Atm 3 


lll 
° 
° 


4.a+B.b+A’.a’'+B’.b’ om 
symmetrical 
forces. (14a) 
m4 .@+5.b-+A’.a'+B'.b' = 4/r; 0; 0; 

Peete @-B.b+A’.a’+B’ bb’ = +0; 4/n; 0; 
BeseasB.U+A’.a’+B' bo = 0; 0; 4/n; 
PeAra--B.b--A’.a'+B’.b’ = mOUE Ol. OR 

antisymmetrical 


forces. (14b) 
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assumed to be cut down the centre, and it will be seen 
that the horizontal deflection in all cases is zero, due to 
the opposing forces from the neighbouring shell. 


Having determined the unit load effects, the edge 
deflections and stresses for the membrane condition 
are next evaluated. 


For the shell the edge deflections and longitudinal 
stresses are determined from the following equations 
derived from equations (2) : 


2¢.8 
E.ds.8mA = g Rc0s?®x.p+4gM + —— (15a) 
R? 
E.ds.8mB = gRsin Ox cos Ox.p Le (15b) 
dees 2g 
(-") = — cos ®x.M a Les ae (15c} 
ds/m Rds | 


For the beam, the deflections and stresses are calcu- 
lated from statical formule considering all the load 
on the beam, vzz. its own weight and loading and the 
forces transmitted (across the hypothetical gap) from 
the shell in membrane condition (J, and S — Fig. A3). 


6 oe 
\ 
Xa Xo 
Xp ko Xp 


ae 


a <b Nas 
ASA “ap 


POSITIVE SYMMETRICAL AND ANTISYMMETRICAL DEFLECTIONS AND STRESSES 
Fig. A4 


It is seen that for each unit load acting four simul- 
leous equations can be solved for A, B, A’ and B’. 
e edge rotation is neglected and therefore only three 
s of solutions are necessary. 

Table V shows the equations (14) and Table VI gives 
3 values of A, B, A’ and B’ for each edge load acting 
me. 

From this, the vertical and horizontal deflections and 
igitudinal stresses occurring at the shell edge (#=0) 
n be evaluated for each load acting alone according 
the formula 


A.a+B.b+A’'a'+B.'b' 
The intermediate and end shells must now be con- 
lered separately. 


Intermediate Shell 


The vertical and horizontal deflections and longi- 
dinal stresses of the beam at the junction with the 
ell for unit loads acting at that point can be determined 
m normal statical formule. The edge beam is 


; 


Table VIII shows all the above deflections and stresses 
and by subtraction the hypothetical edge gaps (or stress 


. differences) are found. 


The actual gap is zero. Therefore, the sum of the 
hypothetical gaps due to unit edge loads multiplied 
by the actual edge forces together with the hypothetical 
gap for the membrane condition must be zero. In the 
symmetrical case (intermediate shell) this is expressed by 


XA. AAA+XB.ABA+XD.ADA+ AmA (e) 
XA. /AAB+ XB. ABB+ XD. ADB+ AmB f°) } (16) 
XA.AAD+ XB. ABD+XD.ADD+ AmD 0 

Table IX gives the equation and Table X the solution 
for XA, XB and XD. 


From these values the integration constants are 
evaluated thus :— 


ll Wl th 


Ya = Aas. XA+AB.XB+AD.XD 

Yap = Ba.Xa+BsB.XB+BD.XD (17) 
Ya = A’A.XA+A'B.XB+A’D.XD 7 
Y’Bs = B’a.Xa+B’sB.XB+B’'D.XD 


All unit forces in the shell can now be calculated 
according to equation (4). 
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TABLE V 
Equation Coefficients for A, B, A’ and B’ 
Edge Load Condition 
A B B' ae 
4 4 3S 4 
V=+- ele Mane See 1 
tT Te bx tr 
7a —0.1670075 + 0.1126233 — 0.0868817 — 0.2965627 + 1.273240 oO fo) 
Ae ; 
a8 + 0.2369936 — 0.2774731 + 0.2508679 +0.1895421 fo) + 1.273240 fo) 
B — 0.0517653 + 0.0224960 + 0.0106619 — 0.0529415 fo) fo) + 1.273240 
ne 
— 18084.855 — 44596.179 — 46466.174 — 9570.513 fe) fo) fa) 
er — 0.1751732 —0.1095214 —0.1534715 —0.2092212 + 1.273240 fe) fo) 
~~ a 
a3 + 0.2406023 — 0.2745835 + 0.3321355 + 0.1618143 fo) + 1.273240 fo) 
Go 
oP —0.0508419 + 0.0234516 + 0.0256108 —0.0457245 fe) fe) + 1.273240 
Ba 
se —18918.821 — 43829.185 — 40066. 682 — 22680. 309 fo) fo) fo) 
TABLE VI 
Integration Constants for Unit Edge Loads 
Symmetrical Edge Load Antisymmetrical Edge Load 
Edge Load Condition Edge Load Condition 
4 4 3S 4 4 4 os) 4 
V=+-(A) H = +~(B) —=+-(D) V=+-(E) H= +-F) — = +- (A) 
bid t bx Te Te td ; ox cs 
A -++ 8.529806 + 2.344767 — 37.245720 + 16.918251 + 7.626834 — 37.688623 
B —0.0074318 — 2.613341 — 6.495420 + 2.957040 * — .669143 — 5:716444 
AG = 1.529665 + 2.205412 + 18.002786 | — 1.088125 -- 2.613779 + 13.476666 
BS — 8.651522 — 2.958999 + 13.233851 — 17.904536 — 7.919711 + 18.677261 
TABLE VII 
Edge Deflections and Longitudinal Stresses (a = 0) 
9 Symmetrical Edge Load Antisymmetrical Edge Load 
Edge Load Condition Edge Load Condition 
‘ 4 4 8S 4 4 4 3s 4 
V=+-(A) H=+-(B) | —=+-(D) Vex + ~ (B) H=+-(F) | —=+-@ 
Te T ox a T T | 0% ™ 
Ty + 890.7678 + 54-12988 — 4499.8185 + I1199.3704 + 378.0151 — 3845. 4874 
L\A + 0.00192467 + 0.000541937 — 0.00524933 + 0.00508424 + 0.00220452 — 0.0070981. 
/\B +- 0.000553467 + 0.000338708 — 0.000365622 + 0.00221604 + 0.00103339 — 0.0022681. 
TABLE VIII 
Edge Deflection and Stress Differences (Intermediate Shell) 
‘ Hypothetical Gaps’ (w = 0) 
mn Loap ConpDITION 
8S 
V (A) HW (B) — (D) Membrane mm 
}x 
= g Shell + 0.00192467 + 0.000541937 — 0.00524933 + 0.0198262 
op 
$ 2 Edge Beam —0.00245082 fo) — 0.00735247 + 2.1289376 
o 
7 ee 
a ia) Difference JAAA= + 0.00437549 A\BA= + 0.000541937| /\DA= + 0.00210314 | Ama=—2.I091IIz 
‘3 g Shell + 0.000553467 + 0.000338798 — 0.000365622 + 0.000214255 
ap 
8 2g Edge Beam fo) fe) ° fo) 
Ee: ee - 
64 2 Difference AAB= + 0.000553467| /\BB= + 0.000338798) /\DB= —0.000365622| /AmB= + 0.0002142 
i Shell + 890.7678 + 54.12988 — 4499.8185 — 43890.0 : 
et) 
wn 
Be § Edge Beam + 1161 .0552 fe) + 4644.2207 — 921940.0 
HEY 
r Difference JA\AD= — 279.2874 Z\BD= + 54.12988 ADD= — 9144.0392 


Note :—Only symmetrical L.C. necessary for Inner Shell. 


Amp=' + s7easo-g 
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TABLE IX 
Equation Coefficients for Edge Forces 


INTERMEDIATE 


XA | XB XD | 


+ 0.00437549 | as 0 000541937 | + 0.00210314 | + 2.1OQII1T4 
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SHELL 
Constants 
Ya | — 38.5102 


Xa | + 546.5908 Ibjft. Ys || + 1631.885 


+ ©.000553467 | + 0.000338798 | — 0.000365622 | — 0.000214255 XB | — 812.5531 lb/ft. Y’a || — 1276.868 
270.2874 | + 54-129878 — 9144.0392 | — 878,050.0 XD | + 75.05764 lb/ft.? Y’B || —1331.197 
End Shell Table XII gives the shell and beam deflections and 


The procedure is similar to that for the intermediate 
ell except that, since the edge conditions are now 
unsymmetrical all deflections, forces etc., are divided 
{ OH _ 8 

into symmetrical groups (e.g. ) and antisym- 
2 

. 81 — 8o 
metrical groups (———-). 
2s 
origin (o = 0) is the edge adjacent to the first inter- 
mediate shell (or “junction edge.’) 

To maintain clarity the four intermediate columns 
supporting the end edge beam are not considered in 
the calculation reproduced here. A method for 
determining their effect is outlined later. 

Table XII gives the deflections and longitudinal 
esses of the intermediate (3:) and end (8) edge beams 
om which the symmetrical values (Aa, AB, AD) aad 
e antisymmetrical values (AE, AF, AH) are obtained 
each edge load condition (symmetrical and anti- 
mmetrical). 


The edge considered as 


the hypothetical gaps. 
Where symmetrical and edit cy iuneLeieal edge forces 
are considered equation (16) becomes 
XA. AAA+XB.ABA+XD. ADA+XE. AEA+XF. AFA+ 
XH. AHA+ AmA=0 
AAB+ XB. ABB+ XD. ADB+ XE. AEB+XF. AFB+ 
XH.AHB+AnB = 0 
A. AAD+ XB. ABD+XD.ADD+ XE. AED+ XF. AFD+ 
XH.AHD+ AmD = 0 
A, AAE+XB.ABE+XD.ADE+ XE. AEE+XF. AFE+ 
XH. AHE+/AmE = 0 
A. AAF+ XB. ABF+ XD. ADF-++ XE. AEF+ XF. AFF+ 
XH. AHF+AmF = 0 
.AAH+ XB. ABH+ XD. ADH+ XE. AEH+ XF. AFH + 
XH.AHH+AmH = 0 


XA, 


(18) 
These equations are shown in Table XIV. 


The solution of this set of six simultaneous equations 
yields the edge forces, viz. the symmetrical ones XA, 
XB, XD and the antisymmetrical ones XE, XF and Xu, 
all of which are shown in Table XV. 


TABLE XII 


Edge Beam Deflections and Stresses (End Shell) 


EpcGe Loap CONDITION 

Av = B D | E F H m 
ig i — 0.00245082 fo) — 0.00735247 | —0.00245082 ° — 0.00735247| + 2.128938 
be 80 — 0.00043081 fo) —o.00086162 | + 0.00043081 fe) |; + 0.00086162 | + 1.026915 
F: di + So — 0.00288163 o) —0.00821409 | —0.00202001 | fo) —0.00649085 | + 3.155853 
2 31 — So — 0.00202001 fo) —0.00649085 | —0.00288163 Co) —0.00821409 | + 1.102023 
: —0.00144082 ° —0.00410704 — 0. O0101001 oO — 0.00324543 | + 1.577926 
—0.O0IOI1001 fo) — 0.00324543 | —0.00144082 o ——0.00410704 | + 0.551012 

8 ° ° ) fe) Co) fo) to) 

i ° —0.0275718 | + 0.0137859 fo) + 0.0275718 | —0.0137859 | —14.97629 
a 31+ 80 fo) —0.0275718 | + 0.0137859 fo) 4) + 0.0275718 | —0.0137859 | —14.97629 
g 3; — 85 fo) + 0.0275718 | —0.0137859 fo) —0.0275718 | + 0.0137859 | + 14.97629 
§ fo) —0.0137859 | + 0.0068929 oO + 0.0137859 | —0.00689294 | — 7.48815 

e fo) + 0.0137859 | —0.0068929 fo) —o0.0137859 | + 0.00689294| + 7.48815 
+ 1161 .0552 fo) + 4644.2207 + 1161.0552 fo} + 4644.2207 | —921940.0 
Li LEYS + 136.0569 —2176.9784 | + 1723-4200 — 136.0569 + 2176.9784 | —1723.4200 | —1479730.0 
| 8; + 8 + 1297.1121 | —2176.9784 | + 6367.6407 | + 1024.9983 | + 2176.9784 | + 2920.8007 | —2401670.0 
8: — 3o + 1024.9983 | + 2176.9784 | + 2920.8007 | + 1297-1121 —2176.9784 | + 6367.6407 | + 557790.0 
AD + 648.5561 | — 1088.4892 | + 3183.8204 | + 512.4992 + 1088. 4892 | + 1460.4004 | —1200835.0 
Rs Ay + 512.4992 | + 1088.4892. | + 1460.4004 | + 648.5561 _— 1088. 4892 + 3183.8204 | + 278895.0 
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TABLE XIII 
Edge Deflection and Stress Differences (End Shell) (w=0) 
‘ Hypothetical Gaps ’ 
EDGE Loap CONDITION - 
A B D Hx F H m 
= | Shell + 0.00192467 |+ 0.000541937 —0.00524933 fo) ° fa) + 0.019826 
8 8 Edge — 0.00144082 fc) ; —0-00410704 | — O-COTOLOOL 2 p9-00324543 + 1-57 
-¢¢, Beam 
n|O © re 
Ss ae AA + 0.00336549 |+ 0.000541937 —0.00114228 + 0.00I0I001 fo) + 0.00324543 —1-.555100 
~ E 
5 pe 
= =) Shell + 0.000553467 |+ 0.000338798 —0.000365622 ro) ° ro) + 0.0002143 
alge : ar 
=| 0| Edge 
g 5c Beam fo) \— 0.01378588 |+ 0.006892939 | fo) + 0.0137859 —0o.00689294 —7.488146 
Bir Al ’ | | 
ey AB + ©.000553407 |+ 0.0141247 — 0.00725856 fo) —0.0137859 + 0.00689294 + 7.488360 
& = Shell 4+ 890.7678  |+ 54.1299 — 4499-8185 o o o — 43890.0 
= 2 Edge 
He Beam + 648.5561 — 1088. 4892 + 3183.8204 + 512.4992 + 1088.4892 (+ 1460.4004 .—1200835°0 
4 |} AD + 242.2117 + 1142.6191 |— 7683-6389 |—512.4992 —1088.4892 —1460.4004 + 1156945.0 
= =| Shell fe) fo) fo) + 0.00508424 + 0.00220452 —0.00709813 | ° 
$s 
So| Edge 
L ‘to, Beam —o.OO10I001 | oO — 0.00324543 |—0.00144082 fo) —0.00410704 + 0.551012 
3 ma LAE + 0.00I1OIOOI | ° -+ 0.00324543 I+ 0.00652505 + 0.00220452 -—0.00299108 —0.55I1012 
3 4} oheil fo) ° ro) \+ 0.00221604 + 0.00103339 —0.00226815 | i Oe 
3\S 8] Edge | a 
‘6 62, Beam fo) + 0.0137859 (—0.00689294 fo) —0.01378588 |+ 0.00689294 \+ 7.488146 
© |> ~ _—— —. 
z a A oO —0.0137859 |+.0.00689294 + 0.00221604 + 0.0148193 —o.00916109 —7.488146 
——— 
|e Shell to) Co) ° |+ 1199.3704 (+ 378.0151 -— 3845-4874 | to) 
a5 — 
<|5 3| Edge . 
Pa Beam + 512.4992 + 1088.4892 |+ 1460.4004 |+ 648.5561 —1088.4892 |+ 3783.8204 (+ 278895.0 
a H — 512.4992 —1088.4892 —1460.4004 |+ 550.8143 + 1466.5043 |—7029.3078 .. — 278895 0 
TABLE XIV 
Equation Coefficients for Edge Forces (End Shell) 
XA XB XD XE XF — Ame 
+ 0.00336549 + 0.000541937 —0.00114228 |-+ 0.0010r001 ) fo) + 0.00324543 j-+ 1.558100 
PbS Oe weed a 
+ 0.000553467 + 0.0141247 i— 0.00725856 o iI— 0.0137859 + 0.00689294 — 7.488360 
+ 242.2117 + 1142.6191 i— 7638 .6389 — 512.4992 |-— 1088 . 4892 fa 1460. 4004 —1156945.0 
+ 0.,0010{001 fo) + 0.00324543 |+ 0.00652505 + 0.00220452 \— 0.00299108 + 0.551012 
° —0.0137859 ‘+ 0.00689294 + 0.00221604 \+ 0.0148193 —0.00916109 + 7.488146 
— 512.4992 — 1088. 4892 _ 1460. 4004 + 550.8143 es 1466. 5043 = 7029 .3078 + 278895.0 
TABLE XVI 
Integration Constants (End Shell) 
TABLE XV = Ya |-+ 42.419 
Edge Forces (End Shell) £)Ys |4+ 736.251 
XA \+ 659.2629 lb/ft. pY"a. |— 204.862 
—— aS ee 
XB |— 567.2708 lb/ft. Oly's — 2514.696 ; 
XD + 114.1298 lb/ft? —/¥A + 15.297 
= ae ST : 
XE — 64.24995 lb/ft. a $ YB + 152.457 
; S 
XF — 95.-98079 lb/ft. < 5 TY ‘a — 740.896 
— qq unrm  q—_— n> 
Xu — 48.67047 Ib/ft.? miY*s + 1001.475 
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_ Finally, the symmetrical integration constants are 
given by: 

AA.XA-AB.XB+-AD.XD | 
Ba.Xs+BsB.XB+BpD.XD (19a) 
A’aA.XA+A'B.XB+A’'D.XD 
B’a.Xs+B’'B.XB+B'D. XD : 


el th 


_ And the antisymmeirical integration constants are 
‘given by: 

A 
Da:) 


AE.XE+AF.XF+AH.XH 
Be. XE+B¥F.X¥F+Bu.XH | (19b) 
ey A A'E.XE+A’F.XF+A'H.XH 

By s BE. XE+B’F.X¥+B'H. Xu J 


hese values are shown in Table XVI. 


PI 


_ The unit forces are then calculated from equation (4) 
using both symmetrical and antisymmetrical integration 
constants and fundamental constants. 


_ The values of the unit forces etc., for both intermediate 
_and end shells are shown in Table B and Fig. A5. The 
forces in the end shell are those obtained without 
considering the intermediate columns supporting the 
end edge beam. 


Correction for Junction Effect 


_ As stated previously, the intermediate edge beams 
re considered as bisected and immovable horizontally. 
This is not strictly correct for the edge beam between 
‘the end and first intermediate shell (‘junction edge 
beam *) and can be seen by the discrepancies between 
3S 
the values of H, V, T;, AA, M, and — at the springing 
8x 
on each side of the junction edge beam. V, M, and 
—may differ without causing trouble, but the differences 
ax 
am dH, AA and 7, cause a tendency for the shells to 
eparate. These differences can be balanced out and 
the effects of this correction can be distributed from 
_ the junction edge beam over each adjacent shell. 


These effects are generally negligible but if required 
can be calculated in the following manner. 


Denoting the differences in H, 7, and AA at the 
junction edge beam by 3H, 87, and sAA it will be clear 
‘that the forces and deflections to be aoe at the 


sf. sty AA 
springing for correction are —, The 
Bm 2 2 
following edge conditions then exist : 
els 3H sAA 
T,=— ;H = —; AA =—;8=0 =? (20) 


2 zZ 2 


If the fundamental constants are now evaluated 
with oscillations from one springing only (since the edge 
turbance takes place at one edge only), then using 
ations (4) and (20) four equations are obtained 
for four integration constants which will give the 
ections throughout the adjacent shells. Care must 
be taken over the signs as an origin change takes place 
in i the first intermediate shell. 


_ The corrections have been evaluated and are shown 
in Table B. It can be seen that they are quite small. 
ith prestressing, the deflection and stress differences 
junction edge beam are smaller ; the corrections 
ore are generally less than those shown. 


Effects of Additional Columns 
under End Edge Beam 


The stresses in the end shell and end edge beam 
are very large. Architectural requirements, however, 
necessitated the use of four intermediate columns 
along the 150 ft. sides of the building and these columns 
were used to support the end edge beam. The effects 
on the shell and beam stresses is greatly to reduce them. 
The precise determination of the effects is very difficult, 
but a close approximation can be made considering 
the effects of the columns as an edge condition at the 
outer edge of the end shell producing an upward deflec- 
tion of such an order so as to make the final downward 
deflection very small, depending on the spacing and 


INTERMEDIATE SHELL END SHELL 


YUNCTION* END SPRINGING 
| SPRINGING | 


a 
' Ma 


Q___§00 Fr.Le/FT. 


bod 13000 Le/FT. 
SS. 


/ 


oI200 FT.LB/FT. 


° 25000 LB/F7. 
ed 


{oH 


DEFLECTIONS 


Ce SANS. 


TOTAL VALUES. 
—-—-— TOTAL VALUES-PRESTRESSED 


LINEAR SCALE = 
pees, 
~------ MEMBRANE VALUES FOR SHELL 


Fig. A5 


size of the columns. Having determined the appropriate 
edge condition, new integration constants can be 
calculated in the manner explained previously. 


This was done in the shell being described prior to 
the calculation of reinforcement and prestressing forces. 


Effects of Prestressing Forces 


As can be seen from the text and illustrations, the 
edge beams were prestressed after the casting of the 
shell. To determine the effects of the prestressing actions 
on the shell, the prestressing effects at the shell-beam 
junction are calculated and inserted in the calculation 
when considering the hypothetical gaps in the membrane 
condition. Further calculations must also be made to 
determine the effects at the end of the beam and shell 
(x = L/2). Shortage of space prohibits a detailed 
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TABLE B 
Values of Unit Forces and Deflections (Non-Prestressed) 
Intermediate Shell. 
os ia ss dS/axr ; 
Pe ae M, N, T, - ry x t v 
7 : 
° Membrane o ° — 1061 + 5 — ol44 — 0.1690 | 40.168 — 
+ i192 j ; 
Springing Toial — 515 + 257 + 159 + 12764 — 2.04 + 1.97 ° 
== Q167 | 
Membrane o ° — 1405 + 51.6 — 42105 —o.o9t | + 0.216 | Ane 
Jer =i 149 
Total + 202 — 32 — 1173 — 28950 —1.08 + 2.80 . + 0.001 
+ 7114 | | 
Membrane re) o — 1523 re) — 13125 ° _® 24 . ° 
den ° . ; 
Total — 1506 ° — 1796 41874 ce) } -}+ 2.70 ; fe) 
° : 
Deflection at Springing :— Vertical 2.85 in. ; Horizontal o in. 
End Shell 
° Membrane ° ay — 1001 +95 —ol44 — 0.160 + 0.168 | =— 
4+ 188 ; 
Inner Total = 630 + 690 + 67 + 15211 — 1.62 + 1.56 ° 
Springing + 8976 . | 
Membrane ° o — 1405 + 51.6 — 12105 — 0.091 ) + 0.216 ) _ 
fOr : as, 
== 1690 
Total — 173 — 170 — 1350 19860 —o.100  —0.7I3 — 0.012 
+ 8060 
Membrane o o — 1523 ° — 13125 re) +0.24 . ° 
dex : 
+ 47 | 
Total — 1319 — 21 — 2291 40440 — 0.727 + 0.966 + 0.012 
“. 2244 
Membrane ° o — 1405 — 51.6 — 12105 + 0.091 + 0.216 ) — 
Fex 
— 151 
Total —10 + 280 — 1942 — 51790 + 0.26 + 4.58 + 0.041 
ee ete!) 
Membrane ° °o — 1061 — 95 — QI44 | +0.169 | + 0.168 —— 
roy" aes 
End 2597 | : 
Springing | Total + 2770 + 212 + 21 — 15600 +o0.118 + 7-10 ° 
= — 14180 
Defiection at End Springing :— Vertical 5.03 in. ; Horizontal 4.27 in. (inwards). 
Corrections 
+ 23 
° + 10 + 32 + 191 — 2608 —o.158 + 0.382 re) 
+ 1098 
—— | 
hep +61 —10 + 32 ahh 57 —0.007 + 0.32 — 0.002 
. 
dex 
jor 
Os ; 


Units 
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explanation of these methods, but it is hoped to make 
them the subject of a future paper. 


The effect of the prestressing actions on M,, 7,, 
¢ and 4, the main design, criteria is indicated graphically 
in Fig. A5. It will be noted that considerable stress and 
deflection reductions take place. 
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The Encasing Structure 
for the Hot Water Accumulator 
for the Pimlico District Heating Scheme 


Discussion on Mr. Guthlac Wilson’s Paper * 


fe) Lhe CHAIRMAN (Mr. W. C. Andrews, O.B.E., M.I.C.E., 
Vice President) apologised for the absence of the 
President, Mr. Leslie Turner, and the Secretary, Major 
R. F. Maitland, both of whom were visiting the South 
African Branch. 
Proposing the thanks of the meeting to Mr. Wilscn 
for his paper, Mr. Andrews said that although the 
structure with which he was concerned was relatively 
all, it dwarfed the buildings around it; so that if 
any mistakes had been made in design or in respect of 
its appearance, they would remain as a monument to 
whoever was responsible. The paper gave very useful 
information and was an antidote to what might be 
called purely theoretical papers. It was obvious that a 
good deal of ingenuity had had to be exercised, not only 
from the point of view of cost, but also from that of 
appearance. The Institution very much appreciated 
the trouble Mr. Wilson had taken to write the paper 
and to present it to the meeting. 
(The vote of thanks was warmly accorded and 
. Wilson briefly responded). 


Mr. S. B. Donkin, M.I.C.E., M.I.Mech.E., M.I.E.E. 
(Consulting Engineer for the Pimlico District Heating 
Scheme) paid tribute to Mr. Wilson in connection with 
the structure and thanked him for his excellent and 
testing paper, which described the fundamentals 
of the design ; the fact that the structure was erected 
vith very considerable speed was an indication of the 
*Read before the Institution of Structural Engineers at 11, Upper 


ave Strect, London, S.W.1, on Thursday, April 13th, 1950, 
shed in the ‘‘ Structural Engineer,’ Vol. XXVIII, No. 4, 


merit of the design. It was important to note, for 
example, that on the completion of erection, the accuracy 
was to within a maximum of 3 in. vertically, and within 
+ 4 in. in diameter, so conforming to a true circle. 
That was particularly interesting to Mr. Donkin, 
because he had been responsible for the accumulator 
inside the structure. The accumulator shell was 126 ft. 
high, and had a diameter of about 2g ft. and it was 
entirely welded on site ; it was built of prefabricated 
plates, all machined at the edges, and they fitted 
together extraordinarily well. To build a cylindrical 
shell of prefabricated plates to be as true as Mr. Wilson's 
structure was found to be quite impossible. As a matter 
of interest, he said the maximum out-of-vertical was 
of the order of 14 in., but not continuously all round ; 
it varied from place to place. The maximum deviation 
from a true circle in plan was of the order of + 4} in. 
That would probably be regarded as a very considerable 
deviation, but when one saw the structure and did not 
measure it, it appeared to be perfect. When it was 
remembered that the structure had to be built of plates, 
6 ft. high, clipped together and then welded in all 
seams, with nothing to guide the erectors other than 
some weighted wire vertical lines, it would be appre- 
ciated that the result was excellent. The figures quoted 
were obtained before the water was put into the 
accumulator ; the water had since been put in, and 
perhaps the pressure of that water would have reduced 
the deviation from the true circle in plan. That matter 
would have to be checked later. 


Mr. Donkin also pointed out that the glazing bars 
were placed.in the reverse way to the usual placing 
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of them for windows or for sloping roofs. That was 
done for two reasons, i.e., it was required to erect the 
glazing panes from the galleries on the inside, and it 
was desired to take them out and to replace them from 
the inside. The problem had puzzled the manufacturers 
for some time, but Mr. Wilson had helped them to 
solve it, and they had produced a very excellent design 
of glazing which enabled the panes to be taken out and 
replaced as required. The glass used was + in. thick, 
and, with the approval of the architects, it was not 
plain glass, but was mottled or rough cast on one side 
and smooth on the other. The smooth side was on the 
outside of the tower, of course, so that it could be 
cleaned. There was an arrangement at the top to which 
a cradle could be attached, so that men could clean the 
glass outside when necessary. 


A point which had yet to be decided was the colour, 
for one was concerned to please the inhabitants of the 
estate as well as the architects and the housing com- 
mittee of the Westminster City Council; the architects 
had told him that evening that they had not yet settled 
1t. 

One regretted that Mr. Wilson had not yet been able 
to obtain a photograph of the completed structure 
with all the glazing fitted, but the glazing had been 
held back, because some pipes which had to be fitted 
around the accumulator were arriving very late, as was 
not unusual in these days. 


Discussing the operation of the accumulator, Mr. 
Donkin said it would contain about 500,000 gallons of 
hot water. It was to be heated at Battersea Station by 
back pressure sets and pumped to the top of the tower, 
the water being carried back to Battersea from the 
bottom of the tower. 


The Battersea Power Station of the British Electricity 
Authority could generate electricity and heat the 
circulating water at times when they wanted to do so, 
and hot water from the accumulator could be used 
by the Council as and when it was required by them. 


Mr. Puirip POWELL, discussing the architectural 
aspects of the Pimlico accumulator, said that originally 
it was not intended that the present system of district 
heating should be applied to the housing scheme ; 
therefore, the idea of a scheme, involving the siting of 
an enormous water vessel in its midst, had come rather 
as a bombshell when it was put forward, and many 
people had commiserated with him and his partner. 
The hope was expressed that it would not ruin their 
scheme. Right from the beginning, however, he and 
his partner had welcomed it. 


Nevertheless, the siting of the structure had presented 
rather a difficult problem, because there was a very 
high density of development on the estate—about 
60 flats per acre. But with the help of Mr. Donkin and 
Mr. Wilson, they had arrived at what they felt was a 
happy solution ; it helped the scheme, it did not block 
the view from the flats and they felt that the tower 
and accumulator represented something which was 
really worth having, from all points of view. 


There had been some difficulty, because many outside 
authorities had tried to persuade them to adopt the 
most extraordinary designs for the structure. It was 
suggested that it might be constructed as a buttress to 
one of the buildings, or that it might be a mock shot 
tower—anything else except an accumulator. But he 
and his partner had rather horrified some people when 
they had said they hoped, that in the end, it would 
look something like a hot water accumulator ; and they 
had tried to work on those lines. 
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At the same time, they did not just want something 
which looked like a plain elongated gasholder ; such a 
structure, with paint on it, might in time become rather 
shabby and rather out of keeping with the scheme. 
However, the various suggestions made did not deflect 
from their desire to LS it look like an honest industrial 
structure. 


Then Mr. Donkin had come to their help, for he had 


- decided that it was necessary to provide access galleries, 


to ensure easy maintenance of the cylinder. That had 
rather dictated that the vessel should have an outer ~ 
casing, and that the casing should be in the form of 
waterproof sheeting. Glass had been chosen for practical 
and esthetic reasons. Very strong glass could be — 
obtained at a very cheap price, it would provide a 
waterproof job, it was easy to maintain and it would 
withstand the London atmosphere. Above all, the glass. 
covering had made it possible to show the beautiful 
structure which Mr. Guthlac Wilson had provided. 


The architects had had to work very closely with the 
district heating engineers and the structural engineers. 
And had, no doubt, been an abominable nuisance ; 
to them, it had, however, been a great pleasure to. 
be associated with a structure which, in their opinion 
greatly enhanced the appearance of the scheme as. 
a whole. 


Mr. A. S. Brooxs, discussing the problems in con- 
nection with the glazing, said the glazing bars were of 
extruded aluminium, with continuous spring clips. 
When his Company were approached with regard to. 
the glazing of the structure, they had felt rather anxious. 
about the bars being fixed inside-out, which meant 
that the wind pressure would come on to the back of 
the spring clips. Therefore, they had carried out tests. 
at the works on aluminium glazing under pressures 
corresponding to heavy wind loads applied both normally 
and reversed. 


The tests were conducted in the standard pressure 
testing chamber. It consisted of a rectangular steel 
cabinet, approximately 7 ft. 6 in. high by 4 ft. 6 in. wide 


. and 4 ft. long, divided into two compartments, 3 ft. and 


I ft. long respectively, by a diaphragm, having an 
aperture 6 ft. g in. by 4 ft. The larger compartment 
was fitted with an access door having a small window 
and a suitably baffled air inlet, which was connected to 
the compressed air supply mains through a finely 
adjustable valve. A safety valve, a large relief valve 
and a pressure gauge were also fitted. The smaller 
compartment was connected to an orifice type air flow 
meter and fitted with a pressure gauge. (These instru- 
ments were not required for this particular series of 
trials). Suitable gauging rods were applied to measure 
the deflection on the frame or window under test at 
various points; they passed through glands, so that 
their movement could be observed from outside the 
cabinet. 


The glazing assembly or other sample undergoing 
tests was clamped in the aperture of the diaphragm, 
a sub-diaphragm being used as necessary if the tests. 
were carried out on a smaller article or assembly. 


In the tests, with the load applied from the cover 
strip side, the pressure was increased steadily until 
the glass fractured. Air pressures were applied, starting 
from 2.6 Ib./sq. ft. and being increased by small 
increments to 65.0 lb./sq. ft. At the latter pressure, 
with a bar deflection of 1 5/32 in., the glass reached a 
deflection of I 5/16 in. and fractured. It was calculated 
that under a wind pressure of 30 lb./sq. ft. the 2} in. 
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ars with unsupported lengths of 5 ft. g in. and spaced 
at 1 ft. 9? in. would deflect #4 in. It was concluded 
that when a load of 30 Ib./sq. ft. was applied from what 
was normally the under side of the glazing bar, there 
was no danger of collapse of the cover strip or of the 
glass lifting. 
_ Mr. Donkin said that when the accumulator was 
first designed as a vertical structure, he was asked 
constantly why the cylinder was not designed horizon- 
_ tally, for thereby he would avoid a high structure, which 
was subject to adverse criticism. The architects, of 
course, had saved the situation ; the answer was quite 
simple. If the accumulator vessel were horizontal, it 
would be necessary to use a standpipe, to retain a head 
f water at a level above the top of the flats ; therefore, 
practically the whole of the cylinder would be subjected 
to the highest pressure, which was about 55 |b./sq. in., 
and the cost of the horizontal cylinder would have 
‘been very much greater. 


Mr. S. M. ReEIsserR (Member), said the tank was 
all-welded, which was the normal and natural way 
in which to build a tank in these modern times. But 
he wondered whether alternative designs were put 
forward for a riveted structure, and which of the two 
_types of construction Mr. Donkin would choose. 

’ 


_ Mr. Donkin replied that no alternative designs were 
‘prepared for a riveted accumulator, because they had 
known that it would be more expensive than a welded 
vessel ; further, the noise caused by the riveting during 
construction would have been a great nuisance to the 
district. The noise due to gouging the back side of the 
welds was very considerable, but it was not so continuous 
as the noise due to riveting. 


Mr. O. Bonpy (Member), who felt sure Mr. Reisser 
did not mean to suggest that he would prefer that 
the seams of the accumulator were riveted rather than 
welded, said he hoped that in the future, another paper 
might be presented to the Institution on the design of 
heavy plate structures such as accumulators, as 
istinct from the encasing structure. 


ad 


He wondered whether the accumulator, which he 
supposed was erected after the casing was completed, 
uld stand on its own feet and would withstand the 
nd load, if any, or whether the designers had relied 
he glazing remaining intact. Were there inter- 
mnections between the vertical accumulator and the 
tical legs of the encasing structure ? 


The part of the paper in which wind pressure was 
discussed was of particular interest, because there were 
tt many structures of such height and of such diameter 
in existence on which wind loads could be measured. 

e supposed that wind tunnel tests had been considered, 
perhaps, figures derived from them; or was he 
t in assuming that the basis for the wind load 
tribution shown in one or two of the diagrams was 
that referred to in the footnotes ? 


r. Bondy added that he must be one of many who 
Were extremely glad to see that structures of such 
importance, and which were so much in the public eye, 
were being erected by welding ; he felt there could be 
MO better proof of the confidence placed in welded 
fructures than that both the inner accumulator and 
outer casing had been designed for welding and 
pleted by welding. Because of that fact, and 
use of the wind pressure figures and diagrams given 
| the paper, if for no other reasons, the paper should 
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be extremely useful for future reference. Therefore. 
he was glad to offer his tribute to the author. 


_ The CHarRMAN said Mr. Wilson had presented a very 
interesting practical example of the results of collabora- 
tion between engineers and architects in an endeavour 
to arrive at the best possible solution, and he felt 
it would be agreed that success had been achieved. 


Commenting on the point that the total out-of-vertical 
of the tower was 3 in., he asked how the measurements 
were taken, because it would seem that they would 
not be easy in the case of so high a structure erected 
in such an exposed position. He did not, of course, 
question the figures. 


Mr. R. C. BucHanan, M.B.E. (Resident Engineer on 
the site) said the measurements were made by wires 
with weights at the ends, and on a calm day. 


The CHAIRMAN asked if there were an oil bath or 
anything of that kind. 


Mr. BUCHANAN replied that there was not. 


Mr. WILSON, in a brief reply to the discussion, thanked 
the speakers for their interesting contributions. 


Dealing with Mr. Donkin’s reference to the relative 
accuracies in the construction of the tank and the 
tower, he said he had been amazed by the way in which 
the tank was erected ; he had never seen one erected 
before, and the ingenious clips and temporary con- 
nections that were made were such as to call for his 
admiration. He had not expected that a thin shell 
tank, which had internal angle stiffening rings only 
5 in. wide to be as nearly circular as a tower having 
2 ft. 6 in. circular girders to form walk-ways at every 
18 ft. of height, as the stiffness of the ring members 
was a measure of the accuracy attainable in diametrical 
dimension. He would think there must certainly have 
been a difference in the circular dimension as the result 
of the water pressure. 


The co-operation of all concerned had been very much 
valued, and it was felt that it had resulted in the erection 
of a nice looking tower of which all would be proud. 


Commenting on the remarks of Mr. Reisser, he said 
that an alternative design for a riveted tower had not 
been considered. As Mr. Donkin had pointed out in 
respect of the tank, riveting would be very noisy and 
offensive to everybody around. Also, they had not felt 
very confident in bolting such a high structure subjected 
to wind pressures. 


Replying to Mr. Bondy, he said the accumulator was 
erected after the casing. It did not stand on its own 
feet and had had to be designed for wind pressure, 
because it was erected before the glazing was put on 
the tower, and no one could guarantee that there would 
not be a storm before the glazing was completed. There 
were no connections between the accumulator and the 
casing. 

Wind pressure was estimated on the bases given by 
the references in the footnotes. Those references were 
to reports of tests on similar structures, although of 
not so great a ratio of height to diameter, but it was 
felt that they were adequate for the purpose. 


The CHAIRMAN having expressed the thanks of the 
meeting to Mr. Wilson for his replies to the discussion, 
the meeting closed. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 

An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, February 22nd, 
Ig5I, at 5.55 p-m., Mr. Walter C. Andrews, O.B.E., 
M.I.C.E., M.I.Struct.E., (Vice-President), in the Chair. 

The Minutes of the Ordinary General Meeting held 
on December 14th, 1950, as published in the Journal in 
February, 1951, were taken as read, were confirmed and 
signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of 
membership ? 

STUDENTS 
BaARRITT, Norman, 64, Malcolm Street, 

Newcastle-on-Tyne 6. 

Botinc, Henk, P.O. Box 820, Bloemfontein, O.F.S., 

South Africa. 

BRAITHWAITE, Lawrence, 31, Stafford Street, Belgrave, 

Leicester. 

CHoDzKo-ZaJko, Witold Jozef, 43, Bromley Road, 

Walthamstow, E.17. 

Cox, Anthony James, 18, Fontarabia Road, Battersea, 

S.W.1I. 

CROSSLAND, Roy, 45, Park Road, Coldean, Brighton, 

Sussex. 

GABRIELCZYK, Ryszard January, 276, Amhurst Road, 

Hackney, London, N.16. 

GRAFF, Samuel, B.Sc. (Eng.) Rand., c/o City & Guilds 

College, Exhibition Road, S.W.7. 

HARGREAVES, Paul Ian, 32, Grange Road North, Hyde, 

Cheshire. 

Mason, Peter Michael, 54, St. George’s Road, Norton, 

Stourbridge, Worcs. 

Moore, Bernard George, Brookhill Lodge, Cowfold, 
nr. Horsham, Sussex. 
Rose, Douglas Frederick, 54, Broad Lawn, New Eltham, 

London, S.E.9. 

SELBIE, Robert Ian Eddleston, York Cottage, Pinner 

Hill, Pinner, Middlesex. 

VitEs, David Vivian, 23, Warwick Road, Bishop’s 

Stortford, Herts. 

WEAVER, Charles Louis Harry, 125, Sumner Road, 

Peckham, London, $.E.15. 

WitiiaMs, Lionel Woolf, 62a, Alandale D,ive, Pinner, 

Middlesex. 


Heaton, 


GRADUATES 

ARMSTRONG, John Bryan, 71, Granville Avenue, West 
Hartlepool, Co. Durham. 

BEDFORD, Thomas Edwin, B.Sc. (Tech.) Manchester, 
28a, Tatton Road South, Heaton Moor, Stockport, 
Cheshire. 

BHANDARKAR, Prafullachandra Ganesh, Bosc 
B.E.(Civil), Bombay, 6B, MHarjivandas Estate, 
nr. Broadway Cinema, Vincent Road, Dadar, Bombay. 

CARTWRIGHT, John Desmond, 12, Pine Grove, Kings 
Heath, Birmingham 14. 

CLARK, Frank, B.Sc. (Eng.) Glasgow, 3, Park Lane, 
Wallington, Surrey. 

Evans, Phillip George, 
Ellesmere Port, Cheshire. 

FARRINGTON, Denis James, 13, West Central Drive, 
Swinton, Manchester. 

GEDGE, David Gregory, B.Sc. (Eng.) London, A.C.G.I., 
31, Collingwood Road, Great Yarmouth, Norfolk. 


14, Dale Drive, Whitby, 


LETHEREN, Dennis, A.M.I.Mun.E., 21, Abbotts Drive, 
N. Wembley, Middlesex. 

PITCHFORD, Brian Edward, 17, Leafield Road, Dar- 
lington, Ce. Durham. 

Roserts, Albert James, St. Margaret’s Cottage, 
Oxford Passage, Cheltenham, Glos. 

Rosinson, William Crathern, 34, Eastvale, The Vale, 
Acton, W.3. 

West, Robert Ernest, 65, Abbotts Drive, Wembley, 
Middlesex. 

Wuiprp, Alan, 163,Harcourt Street, Reddish, Stockport, 
Cheshire. 

WILKIE, David Gordon, 149A, Laburnum Road, Redcar, 
Yorks. 

WittuiAms, David Whitlock Peers, 42, Claremont Road, 
Sparkbrook, Birmingham II. 

Wricut, Donald Hilton, B.Sc. (Eng.) London, 28, Porter 
Road, Derby. 

ASSOCIATES 

NICHOLLS, Ralph George, A.R.I.B.A., Waterloo House, 
41, St. Mary Street, Bridgwater, Somerset. 

SHEPHARD, Major, Arthur, Office of the Chief Engineer, 
Headquarters, Western Command, Queen’s Park, 
Chester. a 

: MEMBERS 

Brownston, Alfred John, “ Shanklin,’ 
Hill West, Henleaze, Bristol. 

DoBELL, Curzon, Bix, East 37th Street, New York 16, 
INN oA. 


” 39, Wellington 


TRANSFERS 
Students to Graduates 

BALASUBRAMANIAM, Kumarasamy, B.Sc.(Eng.), London, 
Junior Assistant Engineer, P. W. D. University Scheme, 
Peradeniya, Ceylon. 

BowWERING, Brian Arthur, c/o 10, Belper Street, Garston, 
Liverpool, 19. 

BryYANT, Michael Ernest, 30, Groveland Road, Beck- 
enham, Kent. 

CoLe, Eric Maxwell, 38, Western Road, Newhaven, 
Sussex. 

GRAHAM, Leslie, 18, Deal Street, Bury, Lancs. 

Harpy, Donald, 33, Oak Street, Elland, Yorks. 

Kerr, Gordon Cecil, 81, Elmers End Road, Anerley, 
S.E.20. 

Meacock, Peter Henry, Deepdene, 
Daventry, Northants. 

NorMAN, John Leonard, 106, Warner Place, Hackney 
Road, E.2. 

WHEELER, John Bingham, 261, Grove Lane, Hands- 
worth, Birmingham, 21. 


Graduates to Associate Members | 

Ainscow, Kenneth Edwin, B.Sc.(Tech.), Manchester, 
12, St. Helen’s Road, Dorchester, Dorset. | 
ANG Boo SOKE, 127, Joo Chiat Place, Singapore, 15. | 
RUFFLE, Nigel John, B.Sc.(Eng.), London, Lowburn 
Cottage, Ireshopeburn, Bishop Auckland, Co. Durham. 


London Road, 


Associate Members to Members 
GENTRY, William Gibson, A.M.I.C.E., 26, Cranford 
Gardens, Acklam, Middlesbrough, Yorks. 
LALLEMAND, Joseph Francois, P.O. Box 105, Kitwe, 
Northern Rhodesia. 


Members to Retired Members 
InMAN, Frederick Philip, F.I.A.A., M.Inst.R.A., Santa’ 
Monica, Westhill, Paignton, S. Devon. 
JONEs, John Arthur, F.R.I.C.S., 33, Birch Grove, 
Acton, W.3. 


LEATHERDALE, Francis Harold, Tasli, Hawks Hill, 
_ Leatherhead, Surrey. 

Mcintyre, Stewart, Cruachan, Longniddry, East 
= Lothian. : 
Norrscorr, James William, 14, Holmcote Gardens, 
Highbury New Park, N.5. 

SWINGLEHURST, James Gordon, 9, Ashburnham Gardens, 
_ Upminster, Essex. 

WELILs, William, A.M.I.Mech.E., Antofagasta (Chile) & 
- Bolivia Rly.Co.Ltd., Casillas “S-T,”’ Antofagasta, Chile, 
S. America. 


OBITUARY 

_ The Council regret to announce the deaths of Edward 
Eric Briuincton, Alfred George Curtis, Sydney 
‘Hubert WuiTE (Members) ; George FINCKEN (Retired 
Member) ; Harold Walter Fyson, and Harry Turner 
STAGG (Associate Members). 


RESIGNATIONS 

Notification was given that the Council had accepted 
with regret the resignations of Frank Baxter, Edwin 
Forbes BoTtHuweELL, F.R.I.B.A., Richard GREENHALGH 
Associates) ; Samuel Ernest Lovell BENDALL, Charles 
William CLarke, Joseph Conan HAmerR, Reginald 
George Imper, Aye Maunec, O.B.E., Anant Hiralal 
PANDYA, George RicHwooD (Associate Members) ; 
ajor Bruce Theodore BOswELL, Noel Leslie CosTAIn, 
lichael Alexander HastiLow (Graduates) ; Alan Graeme 
BBs, Peter Hugo GUENSBERGER, Peter William 
IANSEN, Donald Alec MARCHANT, Ronald Philip PERRY, 
ad John Havelock THORNTON (Students). 


SPECIAL NOTICE 

_ It has been necessary to make the following 
iterations to the Sessional Programme as pre- 
iously announced :— 

‘The Paper by Lt.-Colonel G. W. Kirkland and 
Mr. A. Goldstein, which was to have been given 
i April 12th, has been transferred to April 26th, 

1 


- 


The Paper by Dr. K. Hajnal-Konyi, which was 
0 have been given on April 26th, has been trans- 
ed to May 17th, 1951. 


J FORTHCOMING MEETINGS 

‘The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. :— 

7 Thursday, April 5th, 1951 

Joint Meeting with the British Section of the Societe 
Ingenieurs Civils de France at 6 p.m. when a paper 
“The Tuscan Boracic ‘ Soffioni’ and their Develop- 
mt at Larderello,” by Dr. Alfredo Mazzoni, will be 


mber). The paper will be illustrated by lantern slides 
a film. 
, Thursday, April 26th, 1951 

Ordinary General Meeting for the election of members, 
5.55 p.m., followed by an Ordinary Meeting at 6 p.m. 
Col. G. W. Kirkland, M.B.E. (Member), and Mr. 
Goldstein, B.Sc.(Eng.), A.C.G.I., D.I.C. (Graduate), 
ill present a paper on “The Design and Construction 
of a Large Span Prestressed Concrete Shell Roof.” 
Thursday, May 17th, 1951 
Ordinary Meeting at 6 p.m., when Dr. K. Hajnal-Konyi 
ember), will present a paper on “Comparative Tests 
arious Types of Bars as Reinforcement of Concrete 


-y mbers wishing to bring guests to the Ordinary 
[eetings announced above are requested to apply 
fo the Secretary for tickets of admission. 
. Thursday, May 24th, 1951 
Annual General Meeting. 


ented by Mr. Peter Gerard, B.Sc., A.M.I.E.E. 
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Thursday, June 28th, 195% 
Ba General Meeting for the election of members 
only. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 

The next meeting of the Section will be held at 
11, Upper Belgrave Street, S.W.1, on Tuesday, April 
17th, at 6 p.m., when Mr. S. M. Reisser, B.Sc., A.M.I.C.E. 
(Member), will give a lecture on ‘‘ The Arc Welding 
Process and its Application to Structural Engineering.” 

On Saturday, May 5th, there will be a visit to Murex 
Welding Processes Ltd., Waltham Cross, Herts, con- 
ducted by Mr. S. M. Reisser, when there will also be 
a demonstration of arc welding. 

Hon. Secretary: W. S. Twelvetrees, 6, Dell Road, 
Enfield Wash, Middlesex. 


EXAMINATIONS, JULY, 1951 
The Examinations of the Institution will be held 
at centres in the United Kingdom and Overseas on 
July 17th and 18th (Graduateship), and July roth and 
zoth (Associate Membership). 


DRURY MEDAL AWARD 

The third competition for the above award will take 
place in 1951, and the subject will be the design of a 
reinforced concrete garage with provision for erection 
above it of future superstructure, the garage being 
subjected to unbalanced earth pressure. — 

Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner “‘ Drury Medal Award.”’ 

The closing date for the competition is October Ist, 1951. 

The general conditions of the competition are as 
follows :— 

1. The competition shall be for Graduates and Students 
of the Institution of not more than 25 years of age. 

2. The subject of the competition shall be a design of 
a structural character, that is to say, primarily structural 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem- 
bers appointed by the Council. 

4. The Literature Committee shall appoint a jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution, or, failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


REPRINTS FROM THE JOURNAL 
Authors who wish to obtain reprints of their papers 
published in the Journal, are requested to communicate 
with the publishers at least one calendar month before 
the date of publication of the paper in question. 


DESPATCH OF JOURNAL 
As the result of an official order which came into force 
on February Ist, it is no longer permitted to use 
the wrapping paper in which the Journal has hitherto 
been despatched. For this reason, the Journal is now 
being wrapped for postage in a substitute paper. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meeting has been arranged :— 
Thursday, April 19th, 1951 
Annual Business Meeting to be held in the Reynolds 
Hall, College of Technology, Manchester, at 7 p.m. 
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Hon. Secretary : G. Greenlees, A.M.I.Struct.E., 16, 
Mayfield Avenue, Stretford, Lancs. 


GRADUATES’ AND STUDENTS’ SECTION 
Hon. Secretary : F. M. Turner, 11, Colwell Avenue, 
Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 
The following meeting has been arranged :— 
Friday, April 27th, 1951 

Annual General Meeting, followed by a al by 
Mr. H. E. Brooke-Bradley, O.B.E. (Member), on ‘‘ The 
Problem of the Supporting Power of the Subsoil,”” 
to be held at the James Watt Memorial Institute, 
Birmingham, at 6 p.m. 

Hon. Secretary: E. R. Deeley, A.M.1.Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 
Saturday, May 5th, 1951 
Visit to the Building Research Station, Watford. 
Tuesday, May 29th, 1951 
Joint Meeting with the Students’ Section of the 
Institution of Civil Engineers. A talk .on Code of 
Practice 114 : 1948 — The Structural Use of Reinforced 
Concrete in Building, will be given by Mr. A. T. Clarke 
(Associate Member), to be held at the James Watt 
Memorial Institute, Birmingham, at 7 p.m. 
Hon. Secretary : M. H. Evans, B.Sc., 107, Metchley 
Lane, Harborne, Birmingham, 17. 


NORTHERN COUNTIES’ BRANCH 
The following meeting has been arranged :— 
Tuesday, April 3rd, 1951 

Annual General Meeting to be held at the Cleveland 
Scientific and Technical Institution, Corporation Road, 
Middlesbrough, at 6.30 p.m., preceded by tea at 6 p.m. 

Hon. - Secretary.: .,J.. A. Williams, A.MICE: 
A.M.1.Struct.E., 57, Reid Park Road, Jesmond, New- 
castle-upon-Tyne. 


NORTHERN IRELAND BRANCH 
The following meeting has been arranged :— 
Tuesday, April 3rd, 1951 
Annual General Meeting to be held in the College 
of Technology, Belfast, at 7.15 p.m. 
Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
Lisleen, 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meeting has been arranged :-— 
Tuesday, April 17th, 1951 
Annual General Meeting at Ca’doro Restaurant, 
Glasgow, at 6 p.m. 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., 11, Woodside Terrace, Glasgow, Ga: 


SOUTH-WESTERN COUNTIES BRANCH 

An Ordinary General Meeting of the South Western 
Counties Branch was held at the Globe Hotel, Newton 
Abbot, at 7 p.m. on Friday, February 16th, 1951. 

A very interesting and instructive lecture, illustrated 
by lantern slides, was delivered by Mr. F. S. Snow, 
M.I.C.E., M.I.Mech.E., (Past President), entitled 
“ Recent Examples and further application of Shell 
Concrete Construction.” 

The new Branch Chairman, Mr. L. F. Vanstone, 
L.R.I.B.A., M.I.Struct.E., presided, and members 
attended from Plymouth and Barnstaple districts. 

The lecture was followed by a discussion in which 
all members took part, and Mr. Snow expressed the 
hope that he would be able to have certain tables 
printed which would considerably simplify the design 
of shell concrete roofs. 


a 
The Structural Engineer 


Hon. Secretary: E. W. Howells, M.1.Struct.E.” 


10-12, Market Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 
Wednesday, April 11th, 1951 
Visit to Abbey Works site, Margam, to inspect the 
buildings for the New Strip Mills for the Steel Company 
of Wales. 
Wednesday, April 11th, 1951 
Annual Dinner, at Porthcawl. 
Tuesday, May ist, 1951 
Annual General Meeting, to be held at the Mackworth 
Hotel, Swansea, at 6.30 p.m. é 
Hon. Secretary: E. R. Steward, A.M.].Structia 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 

The Fifth Meeting of the Session was held at the 
College of Technology, Bristol, on Friday, February 
and, 1951, and was a joint meeting with the South- 
Western Association of the Institution of Civil Engineers. 

Mr. P. C. Girdlestone, M.A., M.1.Struct.E., M.I1.Mech.E., 
A.M.I.C.E. (Branch Chairman) was in the Chair, and 
a lecture on “‘ A Chapter of Engineering a Century Ago ” 
was given by Professor’ Andrew Robertson, D.Sc., 
TOR ee 

The lecture was a most interesting account of the 
experimental work and construction of the Britannia 
Tubular Bridge over the Menai Strait and referred 
briefly to Brunel’s ship The Great Eastern. 

A vote of thanks was proposed by Mr. G. E. Scott, 
O.B.E., M.I.C.E. (Branch Chairman of the Institution 
of Civil Engineers). 

The following meetings have been arranged :— 

Friday, April 6th, 1951 

Annual General Meeting, followed by a talk by Mr. 
Evelyn Freeth, A.R.I.B.A., A.A.Dip., A.R.W.A., at Grand 
Hotel, Bristol, at 6.15 p.m., preceded by tea at 5.30 p.m: 

Thursday, April 26th, 1951 

Joint Meeting with the Institution of Civil Engineers. 
Mr. Gilbert Roberts, B.Sc., A.M.I.C.E., on “‘ The Dome 
of Discovery—Festival of Britain Site,” at Reception 
Room, Bristol University, Queen’s Road, at 5.30 p.m., 
preceded by tea at 5 p.m. 

Hon. Secretary: C. E. Saunders, M.1.Structiieg 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 

YORKSHIRE BRANCH . 

The following meetings have been arranged :— 

Wednesday, April 18th, 1951 

Professor R. H. Evans, D.Sc., Ph.D., M.1.Gis 
M.I.Mech.E., (Member), on The Institution of Structural 
Engineers’ “‘ Report on Prestressed Concrete.” 

Wednesday, May goth, 1951 | 

Annual General Meeting. Mr. J. G. Faber, B.Se., 
A.M.I.C.E., (Associate Member), on “ Construction of 
240 ft. Clear Span Sheds for Aircraft Production.” 

The meetings will be held at the Great Northe 
Hotel, Leeds, at 6.30 p.m. 

Hon. Secretary: E. Wrigley, A.M.1.Struct.E., City 
Engineer’s Dept., Civic Hall, Leeds, 1. 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.L.C.E., 
A.M.1.Struct.E., P.O. Box No. 3306, Johannesburg. 
During week-days Mr. Tait can be contacted in the 
City Engineer’s Department, City Hall, Johannesburg, 
‘phone 34-IIII ext. 257. 
Natal Hon. Secretary : E. G. Bennett, A.M.I.Struct.E., 
c/o Reinforcing Steel Co. Ltd., P.O. Box 478, Durban. 
Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E. 
P.O. Box 1692, Cape Town. 


Synopsis 


Comparative tests on beams reinforced with various 
types of large size bars, both in ordinary grade and 


igh grade concrete, have proved the superiority of | 


= worked steel over steel having a natural yield point 


regarding factor of safety and warning before failure. | 


They have also proved the advantage of a ribbed 
attern as against plain bars from the point of view 
of bond and crack formation and the necessity of 
increasing the strength of reinforcement with irnproved 
bond in order to avoid failure without warning. 
Suggestions are made fot certain revisions of the Code 
Ser Practice C.P, 114 (1948) and B.S. 1144 s0 as to 
allow the economical use of high quality steel as rein- 
forcement of concrete. 


Principles of Comparing Various Types of Bars 


irom the point of view of their suitability as reinforce- 
_ ment of concrete. 


a basis of comparison. 


' The Americans assess the relative value of various 


is a very limited scope and gives a Eaoeded picture. 
en if the test is modified as suggested by the A.C.I. 
sommittee 208 (*), it only covers one aspect of a very 
ae subject and does not deal with many others 


Bn the author’s opinion, the. value of a reinforcing 
can only be assessed on the basis of beam tests. The 
t beams must be so designed that they fulfil a number 
of conditions, i.e. 


(rt) They must fail either in tension or by bond slip. 
__- but not in compression or by shear. 


(2) The diameter of the bars used must be as large 
as possible. 


(3) The distance eS the end of the beam and 
the section at which the maximum _ bending 
moment occurs must be the minimum com- 
patible with the practical use of the bar. 


The main considerations in assessing the bars are : 


(a) Type of failure (i.e. whether in tension or by 
bond slip). 


(b) Maximum stress reached at failure both in jfsets 
and in relation to the yield point and the tensile 
strength of the bar. 


., ‘aper to be vead before the Institution of Structural Engineers 
, Upper Belgrave Street, London, S.W.1, on Thursday, 
th, 1951, at 6 p.m. 


For references see p, 148 


De 


f The purpose of the tests to be described and discussed * 
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(c) Formation of cracks, i.e., their number and 
maximum width at various stages of loading. 


(d) Warning before failure. 


: There are, of course, also other factors to be taken 
into account, as will be discussed later. 


Condition (1) can be satisfied by limiting the per- 
ae. of the reinforcement and by providing sufficient 
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Fig. 1 


1 in. Diameter Oval Bar twisted to 6 in. ee 
f ins HA = 12 in, pitch, 
% in. Square Twisted Bar, 
I 
I 


Now 


(x). 

(2) 

(3) 

(4) 14 in. Diameter M.S, Bar. 

(5) 14 in. e Hab. Bar. 

(6), (8)'r in 5 American Ribbed Bar. 

GALA iambbeee Paha s ‘a », twisted. 
(10) $in. ; Twin Twisted Bar. 

(Pi) evens a Twisted Bar, 


Condition (2) is particularly important since the 
width of the cracks increases approximately with the 
diameter of the bars (*). Tests made with small size 
bars do not allow conclusions regarding stresses at 
which larger size bars can be used without the danger 
of corrosion. Since it is difficult to obtain very large 
sizes of various types, a cold worked bar of 1 in, diameter 
complying with B.S. 1144 seems to be a fair compromise. 


Condition (3) must be fulfilled in order to allow the 
development of the maximum average bond stress 
which may occur in a practical case. 


2. Description of the Bars used in the Tests 


The tests comprised 17 different bars and were carried 
out in two series. In Series 1, 11 bars were investigated ; 
see Fig. 1. The selection of bars for Series 2 was based 
on the results of Series I. The six bars tested in- Series 2 
are shown in Fig. 2 : 
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The bars have been numbered 1 to 17. Their geo- 
metrical properties and the principles of their selection 
are described in the following notes, their strength 
properties are given in Tables 1 and 2. 


No. I was twisted from a M.S. bar of elliptical cross 
section. The ratio of the major axis of the ellipse to 
the minor axis was 3:2. The dimensions of the bar 
were so chosen that its cross sectional area was equal 
to that of a 1 in. diameter round bar. This bar is referred 
to as “ oval twisted.” The pitch was 6 in., i.e., the bar 
was purposely “ overtwisted ’ as against B.S. 1144, 
according to which the pitch must be between 8D and 
14D. For a bar of elliptical cross section D may be 
interpreted as the diameter of a circle of equivalent area. 


No. 2 was similar to Bar No. 1, but the intended 
pitch was 12 in. Actually, only one of the two specimens 
used in the tests was twisted to the required degree, 
the pitch of the other was 17 in., i1.e., the bar was 
““ undertwisted.” 

No. 3 was a 7/8 in. square twisted bar, as available 
on the British market. 


No, 4 was a I} in. diameter plain round bar of M.S. 
quality. On the basis of a ratio of permissible stresses 
of 18,000 lb/sq. in. to 27,000 Ib’sq. in., as specified 


j - ‘ > - 
4 me . ie : 

oy . x , 
= Eo. 


OP EEE LEPOE NN SG LEBEL 


15 
Fig. 2 
{12) 1 in. Diameter Indented Bar twisted to 6 in. pitch 
{13) I in. <4 12 in. pitch 
{14) I in. re American Ribbed Bar untwisted (British 
Steel) 
{15) I in. ae +; + twisted to -6 in. ,, 


(16) I in. a aez ez. 
{17) 0.71 in. Diameter Tentor Bar. 


” 


in the Code of Practice C.P. 114, 1948 (hereafter referred 
to as the “‘ Code ’’) for M.S. bars and cold worked bars 
respectively, this is the nearest size M.S. bar equivalent 
to a I in. diameter cold worked bar. 


No. 5 was a I$ in. diameter plain round bar of high 
tensile quality to B.S. 785. 

No. 6 was a I in. diameter “‘ deformed” bar of M.S. 
quality complying with the latest U.S.A. standards 
(A.S.T.M. Designation A305-47T), obtained from U.S.A. 
ie pattern can clearly be seen in Fig. r. It is referred to 

‘ American ribbed ”’ bar, 


bicien was twisted from bar 6. 


No. 8 also supplied from U.S.A., was similar in 
shape to No. 6, but specified as of “high tensile ”’ 
quality. (Actually, as may be seen from Table 1, its 
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ultimate strength was less than the lowest limit specified 
for high tensile steel in B.S. 785, but its yield point 
reached the minimum requirement for high tensile steel). 


No. 9 was twisted from Bar No. 8, as No. 7 from No. 6. 


No. 10 was a twin-twisted bar of ? in. diamcter (of 
the single bars) as available on the British market. 


No. II was a I in. diameter Torsteel bar, rolled and 
twisted, but not marketed, in this country. Torsteel 
is rolled as a round bar with two small longitudinal 
ribs diametrically opposed which form two spirals 
after twisting. 


The result of twisting bars 6 and 8 was not satisfactory. 
The stress-strain diagram of both the twisted and 
untwisted bars was rather different from that of bars 
to B.S. 785 produced in this country. It was therefore 
decided to roll similar bars here (bar 14, Fig. 2) and 
twist them both to 6 in. and 12 in. pitch (bars 15 and 16). 
It was further decided to investigate also Tentor bars 
imported from Denmark (bar 17). A Tentor bar is 
first tensioned to or beyond its yield point and then 


twisted (Tentor = tension ++ torsion). The raw material 


used may be M.S. or a special alloy steel (*). These 
Tentor bars were not obtainable in larger sizes than 
-71 in. diameter. In order to have a bar of similar 
shape comparable in size with the others, 1 in. Indented 
bars were bought in this country and twisted to both 
6 in. and 12 in. pitch (bars 12 and 13). It may be seen 
from Fig. 2 that bars 12, 13 and 17 are very similar in 
shape, they differ only in the degree of twist. In 
twisting bars 12 and 13, the ordinary twisting process 
was adopted. The twist of Tentor bars is less than 
specified in B.S. 1144. Judged by their shape, they 
appear to be ‘“‘undertwisted”’ although they are, 
in fact, fully developed, as proved by their strength 
properties and stress-strain diagram. 


An explanation is necessary regarding the use of the 
terms ‘‘ undertwisted ’’ and “‘ overtwisted.”” As stated 
in the author’s paper (*) ‘ The degree of twist can 
be characterised by the figure : Size of bar in inches 
number of twists per foot.” This figure is called 
work hardening unit (W.H.U.). The minimum pitch 


specified in B.S. 1144, i.e. 8D, corresponds to 1.5 W.H.U., 
the maximum, i.e. 14D, to .858 W.H.U. Bars with 
.858 W.H.U. are called ‘‘ undertwisted,” 


less than 
bars with more than 1.5 W.H.U. are called “ over- 
twisted.”” The use of W.H.U.s in describing a bax has 
the advantage that a higher degree of twist is character: 
ised by a higher figure, whereas the usual notation 
based on the pitch, is an inverse measure of cold work 
For untwisted bars the pitch =~ whilst W.H.U. = 0 


The preceding definition of the terms “‘ undertwisted ” 
and “ overtwisted,”’ based on B.S. 1144, is only applic 
able to bars developed by twisting alone and not t 
bars developed by the Tentor process. 


3. Design of the Test Beams 
Details of the test beams are shown in Fig. 3; 


The cross section was so determined that with th 
maximum permissible steel stress according to th 
Code acting in the reinforcement, the calculate 
maximum compressive stress in the concrete is slightl 
below the permissible limit for concrete of I: 2:4 mi 
and a cube strength of 3,000 lb/sq. in. In order { ‘tb avoi 
an excessive cover to the reintorneuieees the sectio 
was tapered to 4 in. at the bottom. 


The length of the beams was governed by: the followin 
considerations : 

According to the Code, Clause 307 : “ a bar in tensic 

should extend from any section on the side furthe: 


from the point of maximum moment, for a distance 
such that the average bond stress does not exceed 
B,, the appropriate permissible bond stress given 
in Tables 4, 5 and 6, in Clause 303. This condition 
will be satisfied if the length measured from such 
section is at least equal to m times the diameter of 
_ the bar’ where 
the tensile stress in the bar 


four times the permissible bond stress B, 


_ The maximum permissible stress is 27,000 Ib/sq. in. 


For concrete of 1:2:4 mix B, = 120 Ib/sq. in. 
;, 27,000 

Hence 2 = ==pR0!.2 

‘ <1 20 


_ Since it may be expected that the bond strength 
of cold worked bars exceeds that of a plain round bar 
by at least 10 per cent., advantage can be taken of 
Clause 307 (h) relating to “deformed” bars and n 


ge" 
'/2" PROJECTION 


hot - 


ed that the distance from the end to the section 
» Maximum bending moment is 50 in. With a 
h of 6 in. beyond the theoretical point of support, 
istance between the support and the maximum 
g moment is 44 in. To obtain reliable results, 
is desirable to extend the maximum bending moment 
ver one-third of the span. In this way, a theoretical 
pan of 3 x 44 in. = I1 ft. is arrived at, resulting in an 


‘~ 


all length of 12 ft. 


s the beams represented the most unfavourable 
ions for cold worked bars of 1 in. equivalent 
ter in 1:2:4 concrete with regard to bond 
tresses under the Code. 


All cold worked bars were left protruding at the ends 
as to allow the observation of any movement of the 
ids relative to the concrete. Plain bars with a 
J ec. point were provided with a standard hook. 


tapered cross section shown in Fig. 3 has been 
in all beams reinforced witha single bar. 


BAe 243/86 MS. =e 


12 LINKS 5/i6¢ AT 4/2"co. 


: SECTION OF BEAM 


duced by ro per cent., ie. to 50.6. The beam was so 
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With Tentor bars, having a smaller cross section than 
all the others, beams reinforced with 2 and 3 bars 
respectively were also tested (beams 18 and 19). These 
were of rectangular cross section of 8 in. width and 
18 in. overall depth with the number of links increased 
from 12 to 17 on both sides. 


4. Test Programme and Method of Testing 


Although it is always desirable to have at least 
one repetition for every test, it appeared to be 
preferable to vary the concrete strength for the second 
test instead of repeating the first with the same mix, 
since in view of the great number of bars to be compared 
it was not possible to have four tests for each bar. 
For each bar one beam was made in concrete of 
I:2:4 mix with a target cube strength of 3,000 Ib/ 
sq. in. on the day of testing (beams marked ‘“ L”’) 
and one in concrete of 1: 1}: 3 mix, with a target cube 
strength of 6,000 Ib/sq. in. on the day of testing (beams 


1/2" PRQUECTION 


Fig. 3.—Test beam 


marked ‘““H’”’), The only exception was made in the 
case of Tentor bars, with which 3 ‘“L” beams were 
tested (reinforced with 1, 2 and 3 bars respectively) 
and only x ‘““H”’ beam (reinforced with 3 bars). 
Altogether, 11 + 8 = Ig beams were tested in “L” 
concrete and 11 + 6 = 17 beams in ““H”’ concrete 
(see Tables 1 and 2). 


All tests were carried out at Mr. R. H: Harry Stanger’s 
laboratories and all figures in this paper are based on 
information contained in Mr. Stanger’s original reports. 


The beams were supported on steel rollers at a span 
of 132 in. and the load was applied at the third points. 
At the points of support and loading, steel distribution 
plates 6 in. wide were inserted between the rollers and 
the concrete. 


Load was applied in increments of 2,000 lb total 
load and the beam examined for cracks. At every 
4,000 lb the load was maintained for at least 5 minutes, 
the deflection being recorded at the beginning and 
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end of this time interval. The cracks were also measured 
to record the maximum width. 


After applying a load of 20,000 lb, corresponding 
to an excess of slightly more than 50 per cent. over 
the permissible working load according to the Code 
for beams with cold worked bars of I in. diameter, 
the load was released and the permanent deflection 
and the crack widths observed. The only exception to 
this procedure was adopted in the case of beams 19 
where, in view of the much higher ultimate load to be 
expected, the load was released at 40,000 Ib. 


In Series 2, on 10 beams measurements were taken 
of the change of strain at the centre section. 


The cement used was normal Portland cement, the 
aggregate re-graded Ham ‘river. The water : cement 
ratio was as follows: 


“Series 1 Series 2 
es CODCTOLG cee fg he be 55 
“H”’ concrete... 42 44 


At least 2 cubes were made for each beam. In 
addition, three prisms 6 in. 6 in. 18 in. were cast 
fer beams gL and 7H in Series 1, and for beams 13L 
and 15H in Series 2. 7 


5. Analysis of Test Results 
(A) CALCULATION OF STRESSES 


Tables x and 2 contain the analysis of test results 
for Series 1 and 2 respectively. The greater part of 
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The ratio prism strength: cube strength was found 
to be as follows : 


Series 1+? Seniesa 
Pals eCOUCT ELE. «5 Ao) .87 
Ho concrete... ie FOr .67 


Whitney’s theory is based on the cylinder strength, 
for which he suggests a reduction factor of .85. The 
cylinder strength is slightly higher than the prism 
strength. In Table 1, the value of cp has been assumed 
uniformly at 2/3 of the average cube strength. This 
corresponds to a reduction factor for the prism strength 
of .88 for ‘“‘L” concrete and .95 for ‘“H” concrete; 
In order to keep the two series consistent, the reduction 
factors applied to Series 2 were : 


a7) : 

For “‘L”’ concrete — x .667 = .76 
255 . 
OAs ie ie 

For “‘H” concrete — X .667 = .64 
70 


It is realised that the ratio prism strength : cube 
strength was probably different in each beam and that 
the method adopted in assessing cp from the average 
cube strength is an approximation. On the other hand, 
the effect of a possible variation of cp on the tensile 
stress at failure is very small within the range of 
percentages included in the two series which were all 
far below the limiting value of ‘ balanced’ design. 


TABLE 1.—Analysis of Test Results of Series I 


Ne OF BEAM 


i 3 ? 5 iS mu. | 8. } en | ov] ou | sot Jou [ act] uw fa] 
2 REINFORCEMENT 7a sa. twisted [lo wito sree. [IM oid TENSILE)" DAS AMERICAN [TOA AMERICAN |T DIK AMERICAN [1 DIAS AMERICAN 19 0.TWIN TWISTED | I" DIA: TORSTEGL. 
3 Pre 7 7 = [= [eo [a= | so [oe] os [us [a] 
4 WORK HAQDENING UNIT (W.H.U} E =| [ seo] = | b E | 000 [ 260] 1028 | 
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G YIELD PONT [y ] 52.580 | 54900] $7,200 ety 
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p ono = ee a 
E) cover vas] tas lo} 
0 EFFECTIVE DEPTH (d) — 1600 | i605 =e 
" PERCENTAGE TEST | | ez | 
= | 
2 AVERAGE CUBE STRENGTH 
@ [wan tex race [aes oa 
14 | WAXIMUM BENDING LIOMENT (M) [ 814,700 | 853,200 | 77100 |e48,700 | 16, | 
iS x | 
bate |e | vo | es [ow [a] 
. be aor | sat 
| ee OF NEUTRAL Axis (p) io lim | sm [im fa 
Levee Agu [Fp] (PLasnc THEORY) 0 440 | 529 | | 
STEEL STRESS AT FAILURE(PLASTIC THEORY) [tp] |Ib/sa in ne 72150 | e000 | © | 
J 20 fiever aR [Sm] (STANDARD WETHOD) 0 | 42 | ws [20) 
21 [sree STRESS AT FAILURE (STANDARD METHOD) a] b/sa jo mae am te 
2 
n Sc | er 
B eario 3 re 
u UAXIMUM SHEAR [ 5] we 
% AVERAGE BONO stress [8,] 350-7 |seae [uri laee | 
26 [PERMISSIBLE STEEL STRESS TO CP II4 27,000 | 27,000 | 27,000 | 27000 | 96 
27 | PERMISSIBLE BENOING MOMENT 288,260 | 298 ato | 297,820 | 29 690 373,450 | 327,010. ca 
[8 FAcToR OF sarcty [#4] ams | ane] 2500] 16 268 | 2909 | 353 | 78) 


NOTE 'NBEAUS MARKED THUS = BAR SLIPPED AT ONE ENO 


/'N BEARAS VAQKED THUS xx BAR SLIPPED AT TWO ENDS. 


these tables is self-explanatory, but some explanations 
are nevertheless necessary. 

The values for the maximum bending moment (M/) 
include the effect of dead weight of the beam (Line 14). 

The steel stresses at failure have been worked out 
both on the assumption of a rectangular stress dis- 
tribution in the compressive zone (Whitney’s theory) 
and according to the standard method of design with 
m = 15. Values with an index “ p ”’ refer to a rectangular 
stress distribution, values with an index “m”’ to the 
standard method. For further details, see Fig. 7 in 
the author’s paper (°). 

When Whitney’s theory is applied, it is necessary 
to make an assumption regarding the value of the 
concrete stress in the rectangular stress block (cp). 


The average bond stresses (Line 25) 


have beer 
calculated from the formula 


stress at failure’ x -sectional area © 


Bi 
perimeter « length 


For ‘stress at failure,’ the stress calculated by the 
standard method has been assumed so as to make the 
values comparable with those specified in the Code 
For bars of other than round cross section, i.e., Nos. I 
2, 3, 10, the “ perimeter’ has been assumed as tha 
of a round bar of equal sectional area, in accordance 
with a Note to Clause 307 of the Code. The “ length” 
is the distance between the end of the beam and th 
point of loading, i.e. 50 in. for all bars without h 


In the case of hooked bars (Nos. 4 and 5) allowance 
been made for the hooks in accordance with 
ause 307 (d) of the Code. This Clause implies that a 
standard hook may be assumed as equivalent to a 
Jength of bar equal to 16 times its diameter. By adding 
16 times the diameter to the straight length, the 
Tollowing lengths are obtained. 
' For a 1} in. bar, 65.0 in. 
For a 14 in. bar, 63.5 in. 
__ The permissible steel stress to the Code (Line 26) has 
been taken as 27,000 lb/sq. in. for all cold worked bars. 
For bars having, a natural yield point, the following 
assumptions have been made : 
_ Bar No. 4 has no guaranteed minimum yield point. 
The actual yield point is 37,850 lb/sq. in. and 
38,580 Ib/sq. in. respectively. It is therefore consistent 


(B) Discussion oF Test RESULTS 
(a) Work Hardening 


_ The degree of work hardening may be judged by the 
figures in Lines 4 and 8. The figures in Line 4 aré a 
purely geometrical measure, not applicable to bars 
developed by the Tentor process. The figures in Line 8 
are, on the other hand, of equal significance for any 
type of cold worked bar. It may be seen from Tables 
and 2 that for all single twisted bars, excluding only 
the American ribbed type bars and the undertwisted 
oval bar in Beam 2H, but including the Tentor bars, the 
yield point* 

ratio —__________— 

ultimate strength 


limits of .826 and .873. 


varies between the narrow 


-. : TABLE 2.—Analysis of Test Results of Series 2 
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“243 | | “824 98% 236 880 828 375. 
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UAXIMUM SHEAR [ $ ] Ib 70,000 | 21,450 a so 22.950 | \a700 | 21200 | 12,950 24,960 34,600 | 36 850 
AVERAGE BONO STRESS [®] ‘|te/sa.i9 | 387.0 a 5 23729 «| 230-7 433-2 3614 |402-2 | 3409 | 333-7 ams [3473 
PERMISSIBLE STEEL STRESS TO C114. |Ib/sa.in | 27,000 | 27000 20.000 | 26 77000 | 27000 | 21.000 | 27,000 | 27,000 | 27000 | 27.200 
PEQUISSIBLE BENDING WUOMENT toin 282,620 72, 860 7,420 | 120, TIO 306,350 | 299,220 | 305.080 | 160030 | 315,040 | 462,200} 450 320 
FACTOR OF SAFETY = [GF 3.085 | 3-343 7388 3270 | 273 | 3.0% | 3-80 | 3439 | sam) 3.57 


NOTE:(1) ACCORDING TO THE STANDARD METHOD, THE CONCRETE STRESS CORRESPONDING TO THIS MOMENT {S 1,222'%6a in. THE PERMISSIBLE MOMENT IS THEREFORE 
GOVERNED BY THE PERMISSIBLE CONCRETE STRESS OF 1000 %%5q in, AND HAS TO BE REDUCED TO 378 10Q \b.in, INCREASING THE FACTOR OF SAFETY 10 4.0 


h the Code to assume a permissible stress of. 
000 lb/sq. in, On the other hand, the yield point 
the American ribbed type bars of M.S. quality (No. 6 
plied from U.S.A. and No. 14 rolled in this country) 
in no case less than 40,000 Ib/sq. in. It seems, 
efore, to be justified to classify them as ‘‘ mild steel 
h guaranteed minimum yield point’ and to allow 
000 Ib/sq. in. For bars 5 and 8, both having a yield 
ont of not less than 51,500 lb/sq. in., a stress of 
5,750 Ib/sq. in. has been allowed, y 
_ The permissible bending moments (Line 27) have 
“worked out from the actual cross sectional area 
ine’5), the lever arm obtained by the standard methoc 


{Line 20), and the permissible stress in Line 26, 
The factor of safety (Line 28) is the ratio 
bending moment at failure 

= which is the same as the 
missible bending moment 

steel stress at failure to the standard method 


permissible steel stress 


The low figures in Line 8 for bars 7 and g indicate 
that the twisting of the American bars has not been 
successful. The yield point of bars 7 remained 
below the minimum requirements of B.S. 1144, although 
bar 7H was overtwisted. —_y and w for bars 15 and 106, 
twisted from British steel, comply with the requirements 
of B.S. 1144 but the ratios ¥/w for bars 16 are lower 
than .800. 


In bars 13, the minimum yield point and ultimate 
strength required in B.S. 1144 have been reached, 
although the raw material for these bars had an average 
ultimate strength of only 27.05 t/sq. in. 


(b) Type of failure and stresses at failure 


A small slip was observed in several bars in Series 1, 
but .the significance of a slip can only be assessed in 
relation to the stress at failure, particularly in relation to 


*The term “ yield point ’’ when applied to cold worked bars 
is misleading. According to B.S. 1144 it is the stress at a strain 
of.005, As will be seen from Fig. 6, in comparison with Fig. 5, 
cold worked bars do not “ yield.” 


bed 
4. 


stress at failure 


the ratio (Line 22). 


yield point 


In all cold worked bars, with the exception of IL 
the yield point has been exceeded. The calculated values 
of ¢ exceed the yield point by 1.3 to 18.9 per cent. in 
“TL” concrete and by g.8 to 21.3 per cent. in “H” 
concrete. In bars with a natural yield point, the yield 
point has at least been reached in bar 8L and exceeded 
in all others, the maximum excess being II.0 per cent. 
in ‘‘L” concrete and 12.2 per cent. in “ H”’ concrete. 


In bar 1L the ratio ¢)/y is only .985. Although 
in view of the uncertainty of cp (see p. 136) and the 
variation of the yield point along the bar it 1s 
possible that the yield point has been reached also in 
this bar, the simultaneous slip at both ends indicates 
failure by bond. With all other cold worked bars 
where slip occurred, this happened at a stress well 
above the yield point and was therefore a secondary 
effect. 


In beam 4L the first slip was observed at a load of 
32,000 lb, corresponding to a stress of 5 per cent. above 
the yield point. At this stage the hooks came into 
action and the load could be further increased to 
34,000 Ib., when slip occurred also at the other end and 
the beam failed. 


In beam 5L the first slip was observed at a load of 
32,000 lb, at.a stress of.only gi per cent. of the yield 
point. The load could be increased to 36,000 1b. when 
vertical cracks occurred at the end ot the beam where 
the bar had slipped and the hook split the concrete. 
At this stage, the calculated stress exceeded the yield 
point by 1.9 per cent. 


It may be concluded that all beams reinforced with 
cold worked bars have failed in tension with the 
exception of beam IL which has failed in bond, and 
all beams reinforced with bars having a natural yield 
point have also failed in tension, although in beam 5L 
slip at one end of the bar has already occurred at a 
stress well below the yield point. Consequently, the 
only beams for which significant values for the bond 
strength can be calculated from the test results are 
tL and 5L. For all other bars the average bond stress 
in Line 25 represents only a limit which is at least 
equal to but may be substantially exceeded by the 
average bond strength. 


The average bond strength in beam IL was 
365 lb/sq. in. Related to a permissible bond stress of 
120 X I.I = 132 lb/sq. in., it gives a factor of safety 
of 2.76. The fact that in spite of this high factor of 
safety failure occurred by bond slip before the yield 
point of the steel was exceeded is due to the exception- 
ally high yield point of bar 1L (22 per cent. higher 
than specified in B.S. 1144). It was the highest of all 
bars in Series I used in “‘L”’ concrete and, apart from 
the Tentor bars (which are not comparable with regard 
to bond stresses because of their smaller diameter), was 
only equalled by bar 12L. 


The calculated stress at failure in bar 2L is slightly 
higher than in IL, but the difference is practically 
negligible. The yield point of bar 2L was substan- 
tially lower than that of bar 1L, so that in bar 1L a 
higher tensile stress at failure should have been reached 
had the bond been better (as in bar 12L). 


For beam 5L a closer investigation is necessary. 
The required minimum bond length according to the 
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Code is obtained as follows: 
25,750 , é 
n= ————_ = 53.6 Min L = 53.6 X 1.125, = 00.2168 
4 X 120 


The available length, with allowance for a hook according 
to the Code, was 63.5 in. (see p. 137). The calculated. 
average bond stress at failure was 256.6 lb/sq. in., 
but at first slip it was only 229 lb/sq. in. Related to 
the permissible bond stress of 120 lb/sq. in., the factor 
of safety against first slip is only 1.91. 


Actually, the average bond stresses as calculated 
in Line 25 with an arbitrary allowance for a hook 
are misleading, since the hook does not come into action 
before slip occurs. The average bond strength is better 
assessed without allowance for hooks, i.e., by assuming 
a bonded length of say 49 in. With this assumption, 
the average bond stress at first slip was 297 lb/sq. in. 
After slipping, the force was transferred to the hook 
and the concrete was split. This was caused by the 
excessive pressure of the hook on the concrete (see 
Fig. 4 showing the end of beam 5H which failed in 
a similar way). To avoid this type of failure it is 


Fig. 4.-Beam No. 5. 11 in. diameter high tensile steel. 
High-grade concrete 


necessary to increase either the bonded length (without 
allowance for the hook) or the diameter of the hook, 
or both. The result of both beams 5L and 5H shows 
that the requirements of the Code in this respect de 
not go far enough in the case of plain bars of high 
tensile quality. The arbitrary allowance of 16D foi 
the hook does not seem justified. 


The figures of 365 and 297 lIb/sq. in., or say 
300 Ib/sq. in., may be considered as truly representative 
of the average bond strength of oval twisted and plai 
round bars respectively in “L”’ concrete, rela 


. the minimum embedded length according to the 
e. In short lengths, as may be used in pull-out 
eet much oan values are obtained, but such 


m 4L, without allowance for a hook, was 
65 1.05 . 

Se 21027 = 275 lb/sq. in: 
eer 


ngth of the bar without allowance for the hook, 


In this beam, the 


- Both beams 1L and 5L have demonstrated the 
importance of higher bond strength for bars having 
a oad yield point. In all other beams the bond 


bene bars. 


_ Table 3 contains a comparison of the calculated 
esses at failure. The beams have been divided into 
_twe groups: (A) reinforced with bars having a natural 
yield point; (B) reinforced with cold worked bars. 
The ratios ¢tp/v, tp/u, the values of ¢p and the factors 


An important feature of Table 3 is the fact that 
all ratios H/L for tp/y are greater than 1 with the 
exception of beam 6 where the ratio is only .973. 
This exception is most probably due to an over-estimation 
of the load at failure in beam 6L. In this beam failure 
occurred immediately on reaching the maximum 
Joad, whilst in beam 6H the maximum load was main- 
tained for rr minutes. It is probable that the failure 


of beam 6L would have been caused by a smaller 


load if it had heen sustained for a longer period. The 
ratio tp/y = 1,069 is probably too high in view of the 
sudden and unexpected failure of this beam. In the 
other 4 beams of Group (A) the ratio H/L for ép/y 
varies between 1.009 and 1.025, which shows that 
the quality of the concrete has only a very small 
influence on the excess of the yield point at failure if 
the steel has a natural yield point. 


_In Group (B) we have to exclude from the comparison 
of H/L bars 2, 7 and 9, which were not sufficiently 
developed. 


For the remaining g pairs of beams the ratio ‘H/L 
varies between 1.026 and 1.165. This indicates that 
the improvement of the quality of concrete has a 


TABLE 3.--Comparison of stresses at failure 


Vo75 to” 1'o32 
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12" PITCH 


INDENTED TWISTED 


2680 2758 


2728 308! 


za 
2749 | 2918 


ety, are reproduced from Tables 1 and 2. The 
of fp/y in “ H”’ concrete to those in “ L” concrete 
‘been added. The factors of safety will be discussed 
section (d). 

In each group the beams have been listed according 


stress at failure 
eit ———— in “ L.”’ concrete. 
3 yield point 


are distinctly separated by the value of the 
$s at failure. In Group (A ) this stress varies between 
and 56,160 Ib/sq. in., in Group (B) between 
1d 95,400 Ib/sq, in. 


The two 


SLIPPED AT A STRESS E@UAL TO 91% OF THE YIELD POINT. 
@) FAILED IN BOND IN "C 
- (3) UNDERTWISTED, W.H.U = “706 it "H” CONCRETE. 


_UNDERTWISTED, W.H.U = °56®8 IK) *H” CONCRETE. 


zree | rom [on vee [wos [7] 


() PERMISSIBLE MOMENT LIMITED BY 
CONCRETE STRESS. 
©) UNSaTISFACTORILY DEVELOPED. 


CONCRETE. 


(@) SEE DISCUSSION IN TEXT. 


vreater effect on the stress at failure in cold worked 
bars than in bars belonging to Group (A). 

It should be noted that the variation of the ratio 
ip/y for ‘““H” concrete is comparatively small. In 
Group (A) (5 values) the limits are 1.026 and 1.122, 
in Group (B) (12 values), 1.098 and 1.213. Although 
there is a small over-lapping, the superiority of 
Group (B) is obvious. 

stress at failure 

The ratio — —____— ig not characteristic of 

ultimate strength 


bars having a natural yield point, since failure depends 
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entirely on the yield point. It has only been included 
in Table 3 to illustrate the fact that the stress at failure 
is generally within 60 to 70 per cent. of the ultimate 
strength. The ratio H/L for fj is rather erratic, 
yield point 
depending on the variation of the ratio —————_—___ 
ultimate strength 


of the bars used in “‘ L’’ and “ H ”’ concrete respectively. 


Conditions are different for Group (B). We have 
to exclude from the comparison beam IL which failed 
in bond, both beams 7, the reinforcement of which 
did not comply with B.S. 1144, and beams 2L and 9H 
with undertwisted _ bars. After omitting these 
beams, we find that the ratio ¢p/# varies between .863 
and .g58 in ““L”’ concrete and between .934 and 
r.002 in “‘H” concrete*, 


If we exclude Tentor bars for reasons to be explained 
in Section (c) the variation of fp/# in ‘‘H”’ concrete is 
reduced to the interval .g46 to 1.002. This means 
in other words that with all cold worked bars of 
M.S. quality complying with B.S. 1144, the ultimate 


STRESS TONS/IN* 
N 
uw 


it 
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The ratio H/L for ¢)/# varies for comparable beams 
in Group (B) between 1.018 and 1.095. Thus, the 
influence of the concrete quality is Perey reflected 
in the figures. 


(c) Stress-strain diagrams 


In order to appreciate the reasons for the Variations 
of the stress ratios in Table 3, it is necessary to consider 
the stress-strain diagrams of the bars. For lack of 
space, it is impossible to reproduce here all stress- 
strain diagrams, and only the following have been 
selected, which are characteristic of the remainder : 


Group (A) 


Bar 4, 1} in. dia. MS. 2 : . 
» 6,1in. ,, American ribbed Ss pte osed 
MS.. 8-9 
Group (B) 
Bar 1, Oval twisted 6} in. page | 
fax 2S; 12 in. superimposed 
4-9, American ribbed high tensile Fig. 6 
twisted 


at 


| ; | | 
posi ERs a ea 


6 Mi TE 


st Ne. x URS 3 Ese et Re 
No 4 1k oA. Mun Steer el 
i { 


° “Ol "02 O3 O4 


STRESS - STRAIN DIAGRAMS OF BARS 4 AND 6 SUPERIMPOSED 
Fig. 5.—Stress-strain diagrams of bars 4 and 6 superimposed 


tensile strength could be approached in “‘ H”’ concrete 
within 5.4 per cent., in contrast to bars having a 
natural yield point where the deficiency was between 
30 and 40 per cent. of the ultimate pee ui) 


*On the basis of stresses worked out by the standard method, 
stress at failure 
ultimate strength 
sidered in ‘‘ H’’ concrete. In 15H it amounts to 1.056, In none 
of the beams could the steel be broken. This indicates that the 
standard method does not give a reliable measure of the steel 
stress at failure. The calculated concrete stress at failure in 
beam I9L is 4,000 lb./sq. in., although the cube strength was only 
3,220 Ib/sq. in. On the other hand, the identity of the ratios 
?p/y and ¢p/u in 18L and 1oL should be noted. 


the ratio exceeds I in all 8 cases to be con- 


ee | 


06 ‘07 Us 


The stress-strain diagrams are contined to the firs 
part, since stresses corresponding to a strain of mor 
than about .04 cannot be utilised in reinforced concrete 


Fig. 5 shows the difference in behaviour of the Britis 
M.S. used in beams 4 and the American M.S. used i 
beams 6. Although the yield point of the British ste« 
is lower than that of the American steel, the two li 
intersect each other at a strain of about .0T15. 
stress in the British bar at a strain of .02 is high 
than that of the American bar at a strain of .03. Th 
stress-strain diagrams for bars 8 and 5 are similar f 
that for bar 6, whilst the stress-strain diagram. f 
bar 14 is similar to that of bar 4 in the critical 


“May, 1951 


_ This appears to be the explanation for the comparatively 
_low figures ¢p/y for bars 8, 5 and 6*. 
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The following values are typical : 
Strain on 


4 
a 
e Fig. 6 shows the difference between an overtwisted Bar N Rescnnt reaehing 
bar (1), a bar in the lower range of work-hardening sea? ag a ch a 
according to B.S. 1144 (2L), and a bar which could ; ee pea 
not be cold worked satisfactorily (gL). This diagram I Tin. oval 6}in. pitch (overtwisted) ... 3-6 
explains the low ratio between yield point and 2 in. oval 12 in. pitch 4.4 
: ultimate strength in bar 9. E7e ebor ne: ch as we ee ie 
The high value of ¢p/y for the American ribbed type g American ribbed H.T. unsatisfactorily 
bars 16, 9, 7, can only be explained by their very high developed . pes 
r ae 
4 
; 
4 
re 
. 
j nonae 
+— ==; 
I a | 
| 
HisseD HiGH TENSILE STEEL WISTED etary o 
Sora | 
nets 12 mewel | 
s tmstep min [iter 
Wists _625mcuy Ef 2h 06 07 08 dg STRAIN 


id strength. The fact that for 16H, ¢p/u = .950, 
ough y/u = .788, whilst for 2H, tp/w = .907 
ough y/u = .810, is an indication of the superior 
d of the American ribbed type bar in comparison 

the oval twisted bar. This high bond value has, 
ever, practically no influence on the stress at 
in bars having a natural yield point, as was 
rly demonstrated by bars 8, 6, 14. 


nother important characteristic of a cold worked 
the strain at which the maximum stress is reached. 


garding the ratio tp/y = 1.069 for 6L, see the preceding 


Fig. 6.—Stress-strain diagrams of bars 1, 2 and 9 superimposed 


For all bars with a ratio .80 <y/w < .88 other than 
Tentor bars the strain at which the maximum stress 
was reached was between 3 and 4.4 per cent. For 
bars with a natural yield point this strain is more than 
IO per cent. 


A too low value of this strain is undesirable. On 
the other hand, this strain must not be too high, as 
exemplified by bar 9L. 


The strain of 5.2 per cent. obtained for Tentor bars 
explains the reason for the comparatively low values 
of tp/y and ¢,/u for this type of reinforcement in relation 
to Indented twisted bars (12 and 13). It should be borne 
in mind, however, that owing to the higher strength 
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of the Tentor bars used in the tests, the stresses at - 
failure are much higher than in any other bar. The 
variation of the stress at failure in the three beams in 
“L”’ concrete (17L, I8L, I9L) is remarkably small 
(92,300 to 93,300 Ib./sq. in.), particularly in view of 
the variation of the percentage of the reinforcement. 


It would be desirable to include in B.S. 1144 an 
upper and a lower limit for the strain at which the 
maximum stress is reached. The minimum elongation 
after failure, as specified at present, is of doubtful 
practical value, since it is the result of the combination 
of two different phenomena: uniform elongation and 
necking, and depends also on the gauge length. 


For the determination of numerical values of the 
limits, further investigations are necessary. 


%"DIA. TWIN TWISTED 


HT. TWISTED, 


DIA. AMERICAN RIBBED 


(d) Factors of safety 


Table 3 also contains the factors of safety repeated 
from Line 28 in Tables I and 2. -They vary between 
2.092 (8L) and 4.0 (19L). A better comparison is 
obtained if we take as a basis the factors of safety 
for the commonly used M.S. bar 4. This may be done 
in two ways. The factor of safety for 4L (2.456) may 
be adopted as unity either for both “L” and “H” 
concrete, or for ‘“‘L”’ concrete only, and the factor of 
safety for 4H (2.608) as unity for “H” concrete. 
The latter way seems to be more logical and has been 
adopted in the following. 


It should be noted that in the two relevant columns 
all figures for Group (A) are smaller than 1 (except, 
of course, for bar 4 which has been chosen as unity), 
whilst all figures for Group (B) are greater than 1, 
with two exceptions : 7L and 10H. As has already been 
mentioned, the twisting of the American ribbed type 
bars was unsatisfactory and the yield point of bar 7 
was far below the minimum specified in B.S. 1144. 
Thus, bar 7L has to be excluded from any comparison. 
The other exception, 10H, shows that the factor of 
safety of the twin-twisted bar in ““H”’ concrete was 
exactly the same as that of bar 4. This is due to the 
lower yield point of twin-twisted bars (minimum specified 
in B.S. 1144: 54,000 lIb./sq. in.). 

These figures lead to the conclusion that in all cases where 
steel with a higher natural yield point has been used in the 
tests, the factor of safety based on the Code has been reduced, 
whilst in all cases with single twisted bars (excluding 7L) 
the factor of safety has been increased in comparison 
with mild steel bars. 


The disqualification of cold worked bars of very high 
strength in comparison with “high tensile ’’ steel to 
B.S. 785 may be further illustrated by taking beam 5L 
as a basis of comparison. This beam failed under a 
bending moment of 814,700 lb. in. and its permissible 
bending moment is 363,820 lb. in. Beam 18L failed 
under a bending moment of 1,083,300 Ib. in., i.e. 
33 per cent. more than beam 5L, but it is only allowed 
to carry 315,040 Ib. in., i.e. 13.4 per cent. less. The 
discrepancy is even greater with beam 19L, which 
failed under a bending moment of 1,512,300 Ib. in., 
ie. 85.5 per cent. more than 5L, but is allowed to 
carry only 378,100 Ib. in.,i.e. 4 per cent. more than 5L. 
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Series 1 


TABLE 4.—Crack widths and number of cracks. 


% WiGHER TH. 


6. Development of Cracks 


The load at which first cracks occur depends mainly 
on the quality of the concrete, the shape of the beam, 
the amount of steel, and is hardly affected by the quality 
or shape of the reinforcement. It is therefore not 
necessary to deal with the question of first cracking. 


Tables 4 and 5 contain a summary of the observations 
of crack development in the two series. The reading of 


MAX. CRACK WIOTHAT BM. 75% HIGHER THAN 


MAK. CRACK WIDTHAT BM. 50% HIGHER THAN 


PERMISSIBLE 


N®OF CRACKS AT BM. L5%HIGNGR THAN 
ri | N° OF CRACKS AT BM 75% HIGHER THAN 


N°. OF CRACKS AT BM. 50%HIGHER THAN 


NO OF CRACKS AT PERMISSIBLE LOAD. 
PERMISSIBLE 


MAX, CRACK WIOTHAT B.M. 100 


PERMISSIBLE LOAD, 
PERMISSIBLE 


16 | N° OF CRACKS AT FAILURE 


hel Sint 


om 
ray 
by 
P| 
ha 


the crack widths was taken in multiples of .o5 mm., the 
yrobable error of the readings is therefore not more than 
- .03 mm. The maximum crack widths in the Tables 
were obtained by interpolation between two readings. 


4 It may be seen from these Tables that in the great 
“majority of beams cracks occurred far below the 
permissible bending moment. The maximum crack 
width at the permissible bending moment was .18 mm. 
(10H). In beam 4L, which again may be considered 
as a basis of comparison, the maximum crack width 
under the permissible bending moment was .12 mm. 
andin 5L, .15 mm. The effect of the quality of concrete 
was rather ambiguous, as already established by 
Wastlund and Jonsson(‘). In several cases, larger 
maximum widths and less cracks were observed in 
mr concrete than in “ L”’ concrete. 


_ Although a “permissible width of cracks’’ is not 
_yet generally agreed upon, a width of .or in. = .25 mm. 
“may be considered as a convenient limit(*). Line 10 
‘contains the stresses, calculated by interpolation, at 
which a maximum crack width of .25 mm. was reached 
in the various beams. Whey vary within wide limits. 


The lowest figure, 28,200 Ib./sq. in., occurs in 4L, the 
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considered as a kind of ‘factor of safety’ against 
reaching a crack width of .25 mm. at first loading. 
The lowest figure (1.280) is obtained for 10H, the 
second lowest (1.393) for 5L. The figures for all single 
twisted bars are higher than for 5L. 


The maximum crack width observed in a beam is, 
however, more or less. incidental, depending on local 
conditions, and does not appear to be suitable for 
comparing various bars, unless a very great number 
of repetitions is available so that averages can be taken. 
It seems to be more appropriate to compare the bars 
on the basis of the number of cracks before failure. 
Such a comparison must include the stress itself, since 
with a given shape of bar more cracks may be developed 
at higher stresses. Table 6 contains such a comparison 
based on the average number of cracks in “L” and 
““H” concrete, and includes the average stress at 
failure. It should be pointed out that the spacing of 
the cracks is not uniform. 


The bars are listed in the sequence of diminishing 
number of cracks. Where two or more bars have the 
same number of cracks, they are listed in the sequence 
of increasing stresses at failure. 


TABLE 5.—Crack widths and number of cracks. Series 2 
N° OF BEAM 2L | 2H 13L a 3H VAL iin 14H I5L 5H IGL IGH ITL 1BL I9L 19H I. 
: > ; J” AMERICAN AMERICAN ; ° o 
REINFORCEMENT \" INDENTED \" INDENTED \" AMERICAN pisseO Tree | pisseo Type |-7'rentoe| NP? NO3 3 
TED TO G PITCH|TWISTED TO 12°PITCH| RIBBED TYPE |rwistep TG DITCH MWISTED TO ID DITCH “N'TENTOR| Tl" TENTOR 
PERMISSIBLE LOAD 1,810 | 11,690 1,910 | 12,030 | 9.030 | 2000 | 12,410 | 12,890| 12,570 | 12.840 | s 240] 3.080 | 19,7708) 19230 3 
e mate 
esc’ POSS CHED AN 18,240 | 8,050 8, 380 | 18,570 | 14.070 | 14,020 | 19.130 | 19,8c0 | 12 370 | 19,700 | 9 80 | 20240] 30270| 29,260] 4 
1 /MAX.CRACK WIDTH AT PERMISSIBLE LOAD 5 40 6 | # 05?| = -06 zm a HM 10 40 fe) 40-1 5 
ie ee LAT BN 2676 HIGHER 20 AT re) 18 10 45? ioe iaus 45 5 5 AV tN 40 | 6 
: 3 a T 
ee on At PUNE al SIRS 1 23 23 23 13 45 18 20 i) :20 7 15 15 alk AT iid 
ete scare B.M 75% HIGHER 30 28 29 qT 5 20 ro 24 22 28 22 20 415 Pc he) 
| 
MAX.CRACK WIDTH AT B.M IOO% HIGHER 
32 37 AA Gi 15 ? 27 29 27 33 29 20 20 26 19 
THAN PERMISSIBLE 
i 42.100 |44, 640 | 43,890 ie 41,720 |Sa.930 | 50,290 |48540 | 49.690] 44840 | 48370 | 58900 | 63280 | 49,120 | 10 
iN im 
1G als . 6 ; 6 6 - " Le) 12 8 4 10 iT 8 " 
a 4 
N° OF CRACKS AT BM 25% HIGHER a i a a A a ae aa ic 3 i 2 4 rf a 
THAN PERMISSIBLE IN a | 
NOOF CRACKS AT BM 50% HIGHER 5 3 5s | 2 " ic 7 8 iG 2 7 iS Bendis 
THAN PERMISSIBLE 3 al ee epeeel el 
|, | N° OF CRACKS AT BM 75% HIGHER | 7 20 I 8 4 19 20 is \4 
ca THAN PERMISSIBLE 2 w eS e e | 
f N° OF CRACKS AT BM 100% HIGHER 2B 20 ~B 18 a 22 4 22 21 6 2 oy 9 | 15 
THAN PERMISSIBLE ! 
N° OF CRACKS AT FAILURE 26 20 4 2 1 25 7 4 or 9 2 29 a7 |ic 
18 1% 8 =} - - 19 20 22 18 14 21 26 15 \7 
5 r = aS 
TRESS AT 25mm MAX. CRACK WIDTH ; Sill Nalosan Saloon aes lire 1.840 | 961 | 1792 | 2182 2344 | 189 | 18 
PERMISSIBLE STRESS ' sss) te | vex | ro [> > 


NoTE (1) 


ie) 
THE ASSUMED PERMISSIBLE LOAD CORRESPONDS TO A PERMISSIBLE STEEL STRESS OF 27000 752 in, DISREGARDING THE LIMITATION 
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ghest, 63,280 lb./sq. in., in I9L. This latter is not 
irectly comparable with the others since the rein- 
cement of this beam consisted of 3 bars of .71 in. 
. In the corresponding beam 19H, the stress was 
ly 49,120 Ib./sq. in. The lowest figure with a cold 
tked bar is 34,570 lb./sq. in. (10H), and for a single 
wisted cold worked bar, 38,000 Ib./sq. in. (3L), closely 
owed by IL (38,850 lb./sq. in.). In the majority 
beams the stress in Line Io is between 40,000 lb./sq. in. 
and 50,000 Ib./sq. in. ; 
It should be remembered, of course, that the cracks 
come wider with repeated loadings, but this can only 
@ determined by fatigue tests. This was beyond the 
ope of the present investigations. 

Line 18 in Tables 4 and 5 contains the ratio 
ress at .25 mm. max. crack width 
This may be 
permissible stress 


It is interesting to compare the various American 
ribbed type bars. With too low stresses at failure 
(beams 6 and 14), only averages of 15.5 cracks were 
developed. With H.T. quality (beams 8), the average 
was 20, and with increased stress at failure (beams 16, 
15, 7, 9, achieved by cold work), the average number 
was increased to 24.5 to 29. 


On the other hand, the plain round bars do not 
show a significant increase (4 and 5) and even with 
oval twisted bars (1 and 2) which failed at stresses of 
the same order as the twisted American ribbed type 
bars, no substantial increase of the number of cracks 
took place. Torsteel was only slightly better. 


The comparatively favourable placing of twin-twisted 
bars is probably due to their larger perimeter in com- 
parison with single twisted bars. 


With regard to Tentor bars, the difference in the 
percentage of steel in beams 17, 18, 19, has also to 
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be taken into account. Beam 17, with a very low 
percentage, gives a too unfavourable picture, whilst 
the opposite applies to beam 19. Beam 18, immediately 
following beams 12 and 13, seems to relegate Tentor 
bars to their appropriate place. 

The number of each type tested was far too small 
, to obtain a reliable classification of the bars from 
| Table 6 but the superiority of the American ribbed 
type bar, zf produced with satisfactory strength properties, 
_is quite definite. On the other hand, the poor crack 
control of plain round and oval twisted bars is also 
conspicuously shown. 

Regarding the relative position of Torsteel, twin- 
twisted bars, and square twisted bars, many further 
tests would be necessary. The comparative performance 
of square twisted bars according to Table 3 is much 
less favourable than according to Table 6. 


7. Warning Before Failure 
Whilst cracking under working loads is an undesirable 
though inevitable feature of normal reinforced concrete 
structures, and a limitation of crack widths is of vital 
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importance, a widening of the cracks before the 
maximum load is reached is an essential requirement of 
safety in order to give visible warning of the approaching 
danger. A nominal factor of safety, however high, 
is not good enough, since the failure of a structure 
depends on many circumstances which cannot be taken 
into account. An exaggeratedly high level of the 
factor of safety is undesirable from the point of view 
of national economy and zt ts far more reasonable to 
design structures with a comparatively lower factor of 
safety in such a manner that they look dangerous at a stage 
when their load-bearing capacity 1s, in fact, not ‘et 
exhausted. This requirement is on the whole satisfactorily 
fulfilled with slabs and beams in ordinary grade concrete 
reinforced with M.S., although not with columns(’). 


The present tests have demonstrated that with bars 
with improved bond which have a natural yield potnt, 
or even with plain M.S. bars if used in concrete of high 
strength, only inadequate warning may be expected. This 
will be discussed with reference to Fig. 7 which shews 
12 typical load-deflection diagrams (7 in ““L”’ and 5 in 
“H ”’ concrete) and has to be interpreted in conjunction 
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Fig. 7.—Load-deflection diagrams 


concrete and the percentage of the reinforcement are 
clearly reflected in the diagram. ~ 


_ The essential point about the load-deflection lines 
is their shape. All beams reinforced with steel having 
a natural yield point (with the exception of 6H) show 


TABLE 6 


F = = 
is Average Average 
No. of Stress at 


Beam Description of cracks at failure 
a Reinforcement failure _—_Ib/sq. in. 
9 American ribbed H.T. twisted ave 29 74,405 
19 Tentor (3 bars of .71 in. dia. per 
P 4 beam) Pa Peas ah tse 28 93,850 
L4 7 American ribbed M.S. twisted ase 27 67,980 
5 a , British M.S. twisted 
; 6 in. pitch... ee 26 79,450 
16 a » British M.S. twisted 
; 12 in. pitch vat 24.5 77,900 
; 3 Square twisted S53 ee he 22.5 69,395 
i2 Indentedtwisted 6in. pitch ot D2 Ab ‘83,800 
3 a "5 IA nen ae ax 22 69,200 
18 Tentor (2 bars of .71\in. dia. per 
M beam) a A alr ee aie 22 93,300 
ks American ribbed H.T. (untwisted) ... 20 2,440 
10 Twin-twisted noe slate hs 20 65,945 
147 Tentor (1 bar of .71 in. dia.) ae 19 92,400 
11 Torsteel ae ape mish tie 7 <5 75,175 
x Ovaltwisted 6 in. DPitchiomn es ee ivy 78,500 
a2 y 7 eZ in.ancd-r7 ins pitch 5. 16 70,750 
#6 American ribbed M.S. (untwisted) ... 15-5 44,150 
4 Be ion Drish? 15.5 44,450 
5 Itin. dia. H.T. ae obe wee 15-5 55,815 
meeatin. ,, M.S. Soc BUG bet 14.5 42,630 


a 
_ 10One beam only. 
_ *The number of cracks counted for 6L was only 11 ; that for 
1,20; itis probable that the actual number for 6L was greater, 
ace the 11 cracks were counted at a load of 20,000 lb. No 
rvations could be made under the maximum load of 
,000 Ib. since the beam failed suddenly. 


NoTES 


sudden break where the slope of the line changes 
0 horizontal, whereas all beams reinforced with 
id worked steel show a gradual change of slope 
ng before failure. Most of the beams, reinforced with 
1 having a natural yield point, failed at a maximum 
ack width of .15 to .25 mm. 

_ The behaviour of beam 14L is of particular interest. 
At a load of 20,000 lb the maximum width of the cracks 


- 


.—Beam No. 4. 1} in. diameter mild steel. 
High-grade concrete 
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was .15 mm. On reaching a load of 22,000 lb. moment- 
arily, the steel began to yield, the deflection increased 
rapidly, and the load fell off to 21,000 lb. The load of 
22,000 Ib. is not shown in the diagram since no reading 
of the deflection could be taken. With increasing 
deflection the load dropped to 19,000 lb. then increased 
gradually to 21,500 lb., when a deflection of 1.604 in. 
was measured. The load could be further increased to 
23,000 lb. when the concrete was crushed. 


Beam 14H (not shown on the diagram) behaved in 
the same way. The only difference was that owing to 
the lower yield point of the reinforcement, yielding 
had already begun when the load of 20,000 Ib. was 
reached for the first time. After a second loading 
to 20,000 lb. the load was increased momentarily to 
21,500 Ib. and dropped again to 20,000 Ib. After ex- 


Fig. 9.—Beam No. 14. 1in. diameter American ribbed 
bar untwisted. High-grade concrete 


ceeding a deflection of .g in. the load began to rise 
again until the maximum of 23,000 lb. was reached at 
a deflection of 2.744 in. when the concrete was crushed. 


The load-deflection line of beam 14L indicates the 
existence of an upper and a lower yield point which 
could not be shown by the method adopted by 
Mr. Stanger in determining the stress-strain diagram. 
His figures relate throughout to the upper yield point. 


There are two reasons why the oscillation of the 
stress at yielding could be demonstrated in beams 14. 


(r) The comparatively short range of yielding. 


(2) The excellent bond of the American ribbed type 
bar. 


The combination of these two factors made it possible 
that in beam 14L at a deflection of 1.2 in., in beam 
14H at a deflection of .g in., the load, after having 
fallen below a maximum previously reached, began to 
rise again. With the long range of yielding of bars 
6 and 8, the beams failed before the steel stress could | 
rise again, in spite of the good bond. With the plain 
bars 4 and 5, the bond was not good enough to prevent 
the concentration of yielding at one crack (Fig. 8 
showing beam 4H after failure should be compared with 
Fig. 9 showing beam 14H after failure). The tensile 
zone of the central portion of beam 14H completely 
disintegrated and fell down when the beam was removed 
from the testing machine. The essential feature of this 
picture are six wide cracks, three on either side of the 
crack where failure occurred. (The extension of the 
central crack to the top occurred when the beam was 
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taken down from the machine). This formation of 
cracks after yielding was characteristic of all beams 
reinforced with American ribbed type bars, in contrast 
to beams reinforced with plain round bars 


Apart from beams 14 which represent a very special 
case, the only beams reinforced with steel having a natural 
yield point which gave reasonable warning before failure 
were beams 4L and 5L (not indicated in Fig. 7) 1.e. the 
beams with plain bars in ordinary quality concrete. 
If, however, plain steel of M.S. quality is used in concrete 
of a cube strength of the order of 6,000-1b./sq. in. (beam 4H) 
or if steel of very high bond value like the American ribbed 
type bar is used, even in concrete of ordinary quality, no 
warning can be expected even if the yield point is as hgh 
as 52,000 Lb./sq. in. (beam 8L). 


Fig. 10.—Beam No. 13. 
twisted to 12 in. pitch. High-grade concrete 


1 in. diameter indented bar 


Thus, while the improved bond is of great advantage 
under working loads, since it increases the number of 
cracks and reduces their average width, it is dis- 
advantageous from the point of view of failure risk 
unless the yield point of the steel exceeds 60,000 Ib/sa. in. 
At stresses of 50,000 Ib/sq. in. no cracks wider than 

.25 mm. can be expected ; with small size bars even 
of smaller width. The number of tests with American 
ribbed type bars (six) is sufficient to arrive at the 
conclusion that the use of this type of bar as reinforcement 
can only be recommended tf it 1s produced with a yield 
point substantially higher than the guaranteed minimum 
for high tensile steel to B.S. 785. Beams 14 which might 
be quoted as contradicting this conclusion do, in fact, 
confirm it since the yielding began in the same way 
as in the four other beams and the short range of 
yielding of the bars used in these beams cannot be 
relied upon. Expressed in another way, the bond of 
the American ribbed type bar is too good for steel of 
B.S. 785 quality. 

In his paper read before this Institution on 
September 30th 1943(*), the Author made the following 
statement : 

“It is therefore obvious that if an advantage 
is to be obtained from the use of high tensile 
steel as reinforcement of concrete, the higher 
strength must be accompanied by higher bond.” 


The present tests have proved that the inversion of this 
statement is also true. If an advantage is to be obtained 
from improved bond, the higher bond must be accompamed 
by higher strength. 

The danger of unexpected failure occurs, however, 
even with plain round bars if the quality of the concrete 
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is too good(4H). The second conclusion to be drawn from 
these considerations is therefore that high quality concrete 
requires high strength steel as reinforcement, preferably 
higher than high tensile steel to B.S. 785. 


High tensile steel to B.S. 785 has the disadvantage 
that its bond strength in ordinary grade concrete is 
not good enough for the higher working stresses which 
are permitted in the Code, as demonstrated by beam 5L. 
A further disadvantage is that it cannot be distinguished 
from ordinary M.S. on the site. This is a source of 
danger which could, of course, be overcome by special 
rolling marks as specified, for instance, in Germany. 


In contrast to the beams with bars having a natural 
yield point, the load-deflection lines for beams with cold 
worked bars in Fig. 7 (11L, 11H, 17L, 18H) show that 
all these beams have fully satisfied the requirements of 
warning before failure. They all became unserviceable 
at loads which could still be safely carried and had to be 
increased to cause failure. Beams 19L and 10H which 
are not shown in Fig. 7 because they failed at much 
higher loads behaved in a similar way. The maximum 
width of cracks in beam I19L at 66,000 lb was .6 mm. 
The beam failed at a load of 67,500 lb but could still 
maintain 66,000 Ib. Beam 19H showed cracks of .7 mm. 
width at 68,000 Ib. of .8 mm. at 70,000 Ib. failed at 
72,000 lb. and maintained a load of 69,000 lb. The 
warning is obviously better with lower percentages 
but even with the high percentage used in 19L which - 
far exceeded the “‘ economic ’”’ percentage according to 
the Code, it was far better than in any of the beams 
reinforced with steel having a natural yield point. 


‘ 


There is a very great difference between “‘ warning ” 
as in beams 14 and warning with reinforcement where 
the yield point has been completely eliminated. 


Fig. 10 showing beam 13L after failure is character- 
istic of the formation of cracks in beams with cold worked 
bars. 


Fig. 11 shows the central part of beam 17L in the 
testing machine before failure under a load of 24,000 lb. 
(max. load 24,500 lb.) (The marking of this beam as 
I9L should read 17L, since beams 17, 18, 19 have been 
re-numbered in this paper). . 


8. Workability of Steel 


It is essential that it should be possible to bend bam 
to any required shape. For this reason, the cold bend 
test specified in B.S. 1144 is of the utmost importance. 


Fig. 11—Beam No.17L. 0.71 in. diameter Tentor bar. 


Low-grade concrete. Under load of 24,000 Ib. idk 


to failure 


.) 
Mey, 1951 


_ From the preceding considerations one might arrive 
at the conclusion that the twisted American ribbed type 
bar would be the ideal reinforcement, combining’ the 
advantages of high bond, good crack control, and 
adequate warning. Such a conclusion would, however, 
_be misleading, since these bars did not lend themselves 
to cold working. This has already been pointed out in 
connection with bars 7 and g (American material) 
and also applies to bars 15 and 16 (British M.S.). The 
development of bars 7 and g by cold work was quite 
inadequate, yet bar g could not pass the cold bend 
test in spite of the long range of the stress-strain diagram 
before reaching the maximum stress and an elongation 
exceeding the requirements of B.S. 1144. Bar 15, 
admittedly overtwisted, was so brittle that it broke at 
-an angle of 45° and even bar 16, with a pitch of only 
I2 in., i.e. in the lower range of B.S. 1144 and with a 
Tatio of y/u < .8, ie. below the lowest limit of the 
normal range, was fissured when bent to 180°*, 


It would require further investigations to find out 
the reason for the unsuitability of bars of this shape 
for cold working. This is,beyond the scope of this paper. 
If American ribbed type bars were produced with 
a natural minimum yield point of 60,000 lb/sq. in., it 
would be a different matter, although even a minimum 
yield point of 65,000 lb/sq. in. would not render them 
equivalent to cold worked single twisted bars to B.S. 1144 
from the point of view of warning. 


All other bars passed the cold bend test satisfactorily, 
but the bending of the oval twisted bars (1 and 2) was 
very difficult because of their shape. The bars had 
the tendency of “springing ’”’ at right angles to their 

plane. Special provisions would be necessary on bending 
machines for bending oval twisted bars in a satisfactory 
manner and without danger to the workmen. 


; The cold bend test as specified in B.S. 1144, Clause 12, 
is rather ambiguous since two alternative methods 
(‘by pressure or by blows from a hammer’’) are 
i In the author’s opinion, only one method, 
i.e. bending in an ordinary bar bending machine, should 
be adopted. This is the nearest to practical conditions. 
It would also be essential to specify a definite tempera- 
lure range. 

A standard test for cold bending .and re-bending 
i.e. straightening again) would also be very useful. 


p! 9. Conclusions and Suggestions 

(A) ASSESSMENT OF THE VARIOUS BARS 

_ The tests have proved the superiority of cold worked 
over bars with a natural yield point with regard 
factor of safety, bond, crack formation, and warning 
re failure. 

he American ribbed type bar (6, 7, 8, 9, 14, 15, 16) 
‘superior to all others regarding bond and crack 
ntrol, but for this very reason cannot be recommended 


60,000 Ib./sq. in. Otherwise it does not give enough 
ing before failure. All attempts at cold working of 
type of reinforcement have given unsatisfactory 
ts. 

Among the cold worked bars, the oval twisted (1 and 2) 
roved to be the least efficient in bond and crack control. 
difficulty of bending does not commend it for 
al application. 


n fairness to the American ribbed type bar it should be added 
the bars rolled in this country had a carbon content of .30 
cent. (i.e., the upper limit permissible for British M.S.) and 
the corners of the ribs were rather sharp. The corners of the 
ibs of the original bars supplied from U.S.A. were rounded off. 


use as reinforcement unless its yield point is at: 
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_ The strength properties of twin-twisted bars (10) are 
inferior to those of single twisted bars. As long as the 
ceiling of 27,000 lb./sq. in. for permissible stresses is 
adhered to, the lower strength does not affect the 
economy of design in comparison with single twisted 
bars but the factor of safety is lower. 


Of the remaining cold worked bars no marked 
difference could be found between square twisted steel (3) 
and Torsteel (11). On the other hand, the Indented 
twisted bars (12 and 13) and Tentor bars (17, 18, 19) 
showed certain advantages. Although results for 
Tentor bars may be affected in their favour, because of 
their smaller diameter, it is reasonable to assume that 
the 1 in. diameter Indented twisted bars are represent- 
ative of the shape of Tentor bars. The stress at failure 
of bar 12L (81,700 Ib/sq. in.) was much higher than in 
any other bar of 1 in. diameter in “L”’ concrete, yet 
no slip occurred at failure. The greater extension of 
Tentor bars may be affected in their favour, because of 
comparison with single twisted bars to B.S. 1144 (which 
nevertheless allowed the utilisation of at least gI per cent. 
of the ultimate strength even in ‘‘L” concrete) is 
bound to be an advantage in the case of impact loading, 
although no such tests could be included in the present 
series. 


Regarding plain round bars (4 and 5) the tests have 
demonstrated that beams in high strength concrete 
reinforced with M.S. may fail without warning, and 
even with M.S. steel to B.S. 785 the warning may be 
insufficient. 


(B) SUGGESTIONS FOR THE AMENDMENT OF THE CODE 
AND B.S. 1144 


(a) Code 


The Code greatly favours bars having a natural 
yield point and does not allow the economical use 
of single twisted bars. 


(1) The efficiency of hooks is over-estimated by the 
arbitrary allowance of 16D as equivalent bond 
length. 


(2) le standard hook is too small in the case of high 
tensile steel. 


(3) The ceiling stress of 27,000 lb/sq. in., irrespective 
of the strength properties, shape, and size of the 
reinforcement, is too low. Much higher stresses 
could be allowed for suitable types of reinforcement 
without danger of corrosion or reduction ot the 
factor of safety. 


(4) The standard method of design, based on the 
modular ratio, reduces the calculated moment 
of resistance of a given concrete section with 
increasing steel stress. Thus, at the “ economic ”’ 
percentage, mild steel cannot be replaced by an 
equivalent area of high tensile steel without the 
addition of steel in compression. This is not 
justified by experimental evidence. The maximum 
resistance of a concrete section in bending is 
independent of the quality of the steel and should 
be so in the design. This could be achieved in 
different ways and is essential for the economical 
use of cold worked steel. 


(b) B.S. 1144 


(x) The term “ yield point” is misleading, since cold 
worked bars do not yield. It should be replaced 
by “‘ proof stress.”’ 
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(2) An upper and lower limit should be specified for 


proof stress 
the ratio s 
ultimate strength 


(3) An upper and lower limit should be specified for 
the strain at which the maximum stress is 
reached. 


, 


(4) The specification of a “minimum elongation’ 
included in Clause g should be abolished. 


(5) Only one method should be specified for cold bend 
tests, based on the use of an ordinary bar bending 
machine. 


(6) Limits of temperature should be included in the 
specification of the cold bend test. 


(7) Provisions regarding the pitch should be extended 
so as to include bars cold worked by the Tentor 
process. 


* 
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Book Reviews 


Photoelasticity: Principles and Methods, by 
H. T. Jessop and F. C. Harris. (London, Cleaver- 
Hume Press, 1949.) 184 pages, 164 figures, Io in. by 
634 in. 28s. 

The photoelastic method of stress analysis owes its 
development very largely to the classic work of Coker 
and Filon at University College, London. The authors 
of the present book were closely associated with the 
late Professor Filon in his pioneer work, and are there- 
fore especially fitted to produce a text-book on this 
subject. 

The book is intended primarily for those who wish to 
undertake practical work with photoelastic equipment. 
Since the method is now in general use in most research 
laboratories as well as in Universities and Technical 
Colleges, a book of this character will meet a real need. 


The early chapters deal in a clear manner with the 
fundamental principles of compound stresses and 
strains. Although the notation may be strange to 
some readers, and not always in accordance with 
British Standards, it is clearly explained and consistently 
adhered to in the text. 


The relevant principles of optics are next explained, 
leading up to polarisation and double refraction. Chapter 
V deals with the theory of photoelasticity. 


The next chapter describes the ways in which the 
directions and magnitudes of the principal stresses in a 
loaded plate are deduced from photo-elastic observa- 
tions. Chapter VII gives an account of the “ frozen 
stress’’ method of investigating three-dimensional 
stresses which is now being developed and which promises 
to extend considerably the practical applications of 
photo-elasticity. 

Chapters VIII and IX are devoted to practical 
matters—the apparatus required and the materials 
available. 

Finally, in Chapter X, a number of well-illustrated 
examples are given with the calculation of the stresses 
from actual observations. 

In general, the book is well set out and clearly printed, 
and the illustrations are good. The authors have 
wisely reduced the mathematics to an essential minimum. 

It is to be regretted that no list of references is in- 
cluded. While a comprehensive bibliography would be 


' misleading. 


out of place in a book of this type, a short and carefully 
selected set of references would be invaluable to readers 
who desire further information on specific aspects of 
the subject. 


PIG 


Welding Design and Processes, by B. R. Hilton. 
(London, Chapman & Hall, 1950.) 342 pages, 84 in. by 
54 in. 36s. 


This is one of the most useful books yet published 
for the designer of welded fabrications and the author 
has managed to cover an ambitiously wide field in a 
book of convenient size. 


With such a wide scope it is only natural that some 
of the statements are generalised and rather sweeping, 
and a bibliography to which reference could be made 
for amplification of particular points would be a valuable 
addition to the volume. 


In Chapter II the statement that intermittent fillet 
welds should not be used in stressed positions is far toe 
sweeping without amplification. In Table VIII" the 
maximum electrode sizes given appear unnecessarily 
restrictive especially for structural work with modern 
techniques. 


It is a pity that some reference could not have beer 
made to the increased stresses now permitted unde 
B.S.S. 449 and other advantages now allowed undet 
this specification. 


The subject-matter in Chapter III is well treated bu 
some of the metallurgical explanations are a little 


The examples of design given in Chapter VIII an¢ 
the commentary on their chief points forms one of th 
most useful sections of the work. It is a pity no exam 
ples are given of structural work, for which the allowabl 
weld stresses and some of the joint details shown ar 
unnecessarily restrictive. 


Even as it stands, however, there is so much of gener 
application expressed in such a common-sense way tha 
a study of this book will well repay the designer ¢ 
welded fabrications whether in the structural c 
mechanical field. 


P. C.- Gar 


May, 1957 
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Breaking Tests on Three Full Size 
1 Prestressed Concrete Bridge Beams 


By Dr. P. W. Abeles, M.I.Struct.E. 


Synopsis 

_ This paper describes laboratory tests carried out to 
destruction on three prestressed concrete bridge beams, 
two of which were composite, partially prestressed 
beams, containing tensioned and untensioned wires. 
‘Load deflection curves and strain measurements have 
proved the full co-operation of tensioned and un- 
tensioned wires up to failure, the resilience being similar 
to that of ordinary prestressed concrete beams without 
~untensioned wires. ; 


Introduction 


In the course of electrification between Manchester, 
Sheffield and Wath, seventeen arch bridges had to be 
replaced because of their insufficient headroom for the 
_ overhead contact wire and catenary. Since a minimum 
construction depth was required, a slab construction 
as adopted composed of prestressed concrete beams of 
“inverted T-shape with im situ concrete filling and 


"decking, the prestressed concrete beams being capable of 


"carrying alone without intermediate support the addi- 


tional in situ concrete when placed, and later, in com- 
ele with the latter, the additional dead weight and 


the live load. In the design 1 of Fig. 1, employed for 
the first bridge contract let by the railway authorities 
in 1948 (i.e., before these tests were carried out), and 
built in 1949, ordinary mild steel bars were placed in 
‘the in situ concrete. In the second design of Fig. I, as 
employed with the bridges of three further contracts, 
ntensioned high-strength steel wires 0.2 inches diameter, 
and placed within the T-beams, have been used, being 
the same properties as the tensioned wires (tensile 
strength 100 tons per sq. in.). 


It is a special feature of these bridge designs that 
partial prestressing is employed, concrete tensile stresses 
_ of 500 to 600-Ib. per sq. in. being permitted for roads at 
which no higher loadings are expected than the Ministry 


on the basis of numerous tests that cracking at first 
loading does not commence, as long as the bending 
tensile strength of the concrete (ie., the modulus of 
pture which can be assumed for high strength concrete 
approx. 1,000 lb. per sq. in.) is not exceeded. Complete 
edom from cracks under repeated application of the 
rking load can, therefore, be obtained, if the concrete 
nsile stress is not higher than 50 to 60 per cent. of the 
ending tensile strength. 


‘More particulars about design and erection of these 
bridges will be given in a paper, “‘ Some Developments 
n Prestressed Concrete,” to be presented to the Institu- 
of Structural Engineers. In the present article, three 
size beam tests are discussed which were carried 
in connection with the first bridge contract in 1949. 
ig. 2 shows the cross sections of test beams Pr, TI, and 
2. The purpose of these tests with regard to Pr was 
) examine the properties of a prestressed concrete 
sam, as employed in the bridges design 1, and with 
gard to Tr and 72, to investigate the behaviour of a 


of Transport loading. It has been shown in publication (1): 


combined section with untensioned wires embodied in 
the precast prestressed beam, the main aim being to 
study the behaviour of such a novel construction before 
final decisions were made with regard to design 2 of Fig. r. 
Designs 1 and 2 of Fig. 1 were first proposed in 1945 in 
the author’s closure to paper (2), such composite con- 
struction having been suggested by Dr. K. Hajnal- 
Konyi in 1944 (see also discussion to (2)). 

The three beams were tested at the Testing Works of 
Mr. R. H. Harry Stanger, at Elstree, and the prestressed 
beams were manufactured by Dow-Mac, Ltd., at Talling- 
ton, Lincs. The concrete was composed of 2.8 parts, 
by weight, of coarse aggregates (3/16 to $in.), 1.41 parts 
of fine aggregates (B.S. sieve 100 to 3/16 in.), and 1 part 
of ordinary Portland cement, a water cement ratio of 
approx. 0.42 being used. The aggregates were obtained 
from pits near the factory and washed before use. A 
horizontal mixer with weigh batching equipment was 
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Fig. 1.—Two bridge deck designs 


employed. The beams were cast in the open, in inverted 
position, using steel moulds and employing external 
vibrators. Beams Pi and T1 were manufactured in 
December, 1948, and Tz in March, 1949. The 28 days’ 
cube and prism strength amounted to approx. 8,500 and 
6,770 lb. per sq. in. respectively (cubes of 6 in. side and 
prisms 4 in. by 4 in. by 16 in.). 


Breaking test on prestressed concrete beam P1 


The purpose of this test was, as already stated, to 
examine generally the properties of prestressed concrete 
in a full-size beam and, in particular, to determine the 
modulus of rupture and the deflection at a load, cor- 
responding to a concrete tensile bending stress of 750 to 
800 Ib. per sq. in. This loading was chosen for subse- 
quent checking tests carried out during manufacture and 
beams were only accepted if cracks did not develop at 
this loading and the deflection did not exceed that 
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Bu 2. Aas obtained in the original test by more than 30 per cent 

o §<¢ $c es All the checking test deflections were well within thi 

<0) ten wu’ jimit. 

Wk Oo: = ray > : 
a) kus Bri geot 30 Fig. 3 shows the loading arrangement for testing beam 
w {e584 eee : : . 
Zio SZQM wo Ow a’ Pi of 28 ft. 6 in. length at Elstree in January, 1949. Par 
ou oF 2d ye hae ex ticulars about the loading arrangement and test result: 
os ugau 2 ai are seen in Fig. 4. Beam Pi was 30 days old when firs 
w3 4586 2 tested and was selected at random from a number 0 
wu xu30 
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Fig. 3.—Testing bridge beam Pl. January 1949 


SLOTS |’ WIDE FOR 
FIXING GAUGES 


beams produced on the long line system. It is 6 
inverted T-shape with a relatively small compressiv 
flange, and also the web is comparatively thin, an 
without tensioned wires and links. However, it mus 
be pointed out that this beam, by itself, is only intende 
to carry additional 7 situ concrete which forms, togethe 
with the beam, a composite slab. In this solid com 
posite slab deck, the shear and compressive stresses i 
the bridge are relatively small and of no consequence 
However, when tested by itself, beam Pr is relativel 
weak in the compressive zone and must be considere 
as an over-reinforced beam which fails, through sudde 
compression failure, as seen in Fig. 5. 


There are eighteen tensioned wires 0.2 in. dia. of | 
strength of 100 tons per sq. in. in the tension flange, an 
two tensioned wires in the compression flange. Th 
arrangement of wires allows for handling the beam i 
any manner, without the possibility of cracks developir 
in the top flange. At the ends of the beam stiffener ril 
are provided to avoid horizontal cracks between tensi 
flange and web at release of the tensioned wires. Tl 
initial tensioning force was 2.1 tons per wire (stre 
150,000 lb. per sq. in.), but firstly, this force was 1 
creased by 5 per cent. for a few minutes to offset creé 
of steel. 


Fig. 2.—Cross sections of test beams P1, Tl and T2 
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On the basis of measurements upon special specime: 
of shortening due to elastic deformation of the concret 
| shrinkage and creep, between casting and testing, t 
is | actual losses were obtained, which agreed well with t 
assumed losses (effective prestress at testing 123,500). 


In the first place (first and second loading), a lo: 
2W = 5.3 tons, representing the basis of the checki 
test, was applied, as shown in Fig. 4. The perman 
deflections were measured upon release to “ zerc 
loading at 2W = 250 lb. Later (at the third loadi 
the load was increased to 2W = 6 tons, correspondi 
to a concrete tensile stress of roto lb. per sq. in., at wh 
condition cracks did not develop and the measu 
deflection remained between the two limits calcula 
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Tm — 5 and m = 8 (based on Es = 30 X 10° |b. per 
in.), which are plotted in the diagram. 
Two days later this loading was repeated, but this 
time (the fourth loading), cracks occurred at 2W = 
-tons. When the loading was increased to 2W = 
‘5 tons, corresponding to a nominal tensile stress of 
570 lb. per sq. in., cracks of a maximum width of 
9.3 mm. developed. ‘On removal of this load, the cracks 
tlosed up entirely, and the permanent deflection was 
Msignificant. 


4000 
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CONCRETE TENSILE RESISTANCE NEGLECTED (CRACKED SECTION). 
Fig. 4.—Load deflection diagrams. 


Test beam Pl 


The fifth loading was carried up to a load of 2W = 
7.94 tons, and when the first signs of compression 
failure were noticed, the load was reduced. On 
renewed loading, compression failure took place quite 
abruptly at a load 2W = 8.25 tons, followed by heavy 
shear cracks (particularly horizontal shear between 
tensile flange and web), as seen from Fig. 6. The 
stresses at failure correspond to 96.3 per cent. of the 
ultimate tensile strength of the steel and to a concrete 
prism strength of 6,970 Ib. per sq. in. based on an 
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approximately uniform stress distribution, as indicated 
in Fig. 5. The prism strength obtained from specimens 
(4 in. by 4 in. by 16 in.) at 28 days amounted to 6,770 lb. 
per sq. in., and the beam was broken when the concrete 
was 35 days old, which gives good agreement between 
calculation and test. 


The very good agreement between the failure load 
of 2W = 8.3 tons, according to Fig. 5, calculated 
previous to the test, and the actual failure load 
2W = 8.25 tons is only accidental, since it is, as a rule, 
difficult to predict the ultimate resistance of over- 
reinforced beams as shown in (3). In the present case, 


2N@ TENSIONESD WIRES 0-2 IM. DIA. 


STIFFENING 
RIBS. 


WITHOUT LINKS. 


18 N? HARD DRAWN WIRES 0:2 IN. DIA. 
(INITIAL TENSION 2:1 TONS PER WIRE) 
TENSILE STRENGTH L[ypsl00 TONS PER SQ.IN- 


Fig. 5.—Stresses at 


the compressive flange is relatively shallow, and the 
full prism strength was developed in this flange. 
In over-reinforced rectangular beams it would be more 
difficult to determine the actual ultimate resistance 
so closely, as in the present case. 


In Fig. 4, in addition to the loading 2W and bending 
moment, also the stresses fiw and f.w (the concrete 
stresses calculated for a homogeneous section in the 
bottom and top fibre respectively) are indicated. 
Obviously, the concrete tensile stresses fiw (tension 
negative sign) after cracking are only nominal, since 
no concrete tensile stress exceeding the modulus of 
rupture can be developed. However, in view of the 
well-established resilience of prestressed concrete, such 
nominal tensile stresses are of interest, giving an 
indication of the extent of loading. Further, also the 
concrete and steel stresses c and ¢ respectively, com- 
puted according to Fig. 5 for a cracked section with 
rectangular concrete stress distribution, are shown 
in Fig. 4, together with the shear stress s, calculated 
in conventional manner for the web of Pr. 


Reference may be made to the deflection line plotted 
in Fig. 4, computed for a cracked section according 
to conventional design (m = 15). It is seen that the 
deflection curve of P1 after cracking is nearly parallel 
to this theoretical line. This is in good agreement with 
observations made on the occasions of previous tests 
carried out by the L.N.E.R. (1) which were, in fact, 
the basis for the design 1 of Fig. 1 employing partial 
prestressing, since these tests had established without 
doubt the resilience of prestressed concrete. 


Breaking test on partially prestressed 
composite beam T1 


In order to produce a condition somewhat similar 
to a composite bridge structure design 2 of Fig. 1, 
a section according to T1, Fig. 2 was chosen, and a 
concrete casing of the same concrete properties was 


Cmax = Cp 
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added after seven days to a prestressed beam also 
from the first cast, as Pr, but containing for the first 
time additional untensioned wires (i.e. twelve in this 
case). It may be mentioned that previous to this test, 
to the author’s knowledge, no investigations were 
made with regard to a prestressed concrete beam with 
pre-tensioned and untensioned wires, except for a 
preliminary test on a small size beam, as described 
in (2), the whole question of partial prestressing being 
discussed in (4). 


The untensioned wires in beam Tr of the same 
strength properties as the tensioned wires were slightly 
ae A 2. 


be 
/ 


THE ULTIMATE TENSILE RESISTANCE, T =A,t.y~ 126,000 LB. 


CORRESPONDS To M= 1,393,000 LB. IN. 

AND 2W= 8-6 TONS. 

FOR AN EQUAL COMPRESSIVE RESISTANCE C=B, dec, 
CpBECOMES 7230 LB. PERS@IN. SINCE THE 
CONCRETE STRENGTH IS LOWER , Cp=7OOOLB.reRSQiN. 


1S ASSUMED , RESULTING IN 2W2 8-30TONS. 


THE FAILURE LOAD,2W =8-25 TONS, 
CORRESPONDS TO Cp=6960 LB. PER SQ.IN. 
AND t= 96-3 TONS.PER SQ. IN. 


failure. Test beam P1l 


tightened to keep them in position. The concrete 
casing was necessary to ensure that the tensile resistance 
of the tensioned and untensioned wires could be fully 
utilised, which required increase of the compressive 
and shear resistance, the section of the prestressed 
beam alone being too weak to carry a load corresponding 
to the resistance of the tensioned wires, as the test 
on Pr has shown, not to mention the increased resistance 


Fig. 6.—Test beam Pl. After failure—January 1949 


due to the untensioned wires. There was no special 
connection between the prestressed concrete component 
and the casing, excepting adhesion between the twe 
concretes, the bond being somewhat improved by 
roughening of the smooth surface of the prestressec 
beam. 


Fig. 7 shows the results of these tests. Similar te 
Fig. 4, the various stresses for a homogeneous anc 
cracked section are plotted in this diagram. In additio 
to the stresses shown in Fig. 4, those of fibres 3 and 2 
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he composite section are also seen. The maximum 
stance, based on the stress tmax has been computed 
the assumption that at failure the ultimate tensile 

ngth is reached only in the tensioned wires, but 
t in untensioned, for which only 85 per cent. of the 
ngth was taken into account. The average maximum 
ress thus amounts to0.6 x 100 + 0.4 x 85 = 94 tons 
Sq. in., resulting in a maximum load 2W=13.64 tons, 
3 indicated in Fig. 8. 


CONCRETE TENSILE RESISTANCE NEGLECTEO(CRACKED SECTION) 
Fig. 7.—Load deflection diagrams. 


Test beam Tl 


This beam was tested in January 1949, and showed 
clearly that both tensioned and untensioned wires, 
as well as precast concrete with additional casing, 
co-operated very well together. In the diagram Fig. 7, 
the deflection curves of four loadings: I, 2, 3 and 6 of 
the six loadings carried out are plotted, and references 
are given for the principal points of the deflection 
curves. The first loading was carried up to 2W = 6 tons, 
corresponding to the checking load (concrete tensile 
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stress at 775 lb. per sq. in.) when no cracks occurred 
and an insignificant permanent deflection remained. 
Also, in this case, the deflection line remained well 
within the two limits of m = 5 and m = 8, plotted 
in the diagram. First visible cracks were detected 
at the second loading at 2W = 7 tons (point 2b, 
deflection reading uncertain), corresponding to a 
concrete tensile stress of approx. 950 lb. per sq. in. 
At 2W = 8 tons (point 2c), five cracks were detected, 
the maximum width being 0.25 mm. The load was 
maintained for approximately six minutes, when 
one crack extended up to 7 in. from the top fibre. 
As soon as the load was reduced to 2W = 4 tons total 
(point 2f), corresponding to a concrete tensile stress 
of approx. 200 Ib. per sq. in., the cracks were still 
visible, but not measurable. However, at a further 
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Fig. 8.—Stresses at failure. Test beam Tl 


reduction to approx. 2W = 3.6 tons (point 2g), 
corresponding to a zero stress in the concrete bottom 
fibre, the deflection suddenly diminished, and all cracks 
closed up entirely. At the third loading, the load 
was gradually increased to 2W = g tons (point 3e) and 
this was maintained for sixteen minutes, when nine 
cracks were detected with a maximum width of 0.3 mm. 
The load was reduced to 2W = 8 tons (point 3g) and 
again increased to 2W = 9g tons (point 3h). On reducing 
the load, the cracks closed up entirely as before. It 
must be pointed out that the nominal concrete tensile 
stress at this loading of 2W = g tons amounted to 
1,580 lb. per sq. in. and the bending moment at this 
loading was approx. 68 per cent. of the test maximum 
expected (2W = 13.64 tons). The fourth and fifth 
loadings, not plotted in Fig. 7, were also carried out to 
a loading of 2W = g tons. While nine cracks were 
detected at the third loading at 2W = 9 tons, at further 
loadings, the number increased up to twenty-one at 
the fourth loading and to forty-one at the fifth loading, 
but the maximum width of 0.3 mm. was not exceeded 
in any case. 


It is interesting to investigate the various load 
deflection curves in Fig. 7, particularly loading 2, 
showing a hysteresis curve for a complete cycle of 
loading (2a to 2e). The deflections at 2W = 2, 4 and 
6 tons on the decrease of this loading (points 2h, 2f 
and 2i, respectively) are much larger than those at 
corresponding increases of later loadings. Not only 
at the third loading (points 3a, 3b and 3c) but even at 
the sixth loading (points 6a, 6b and 6c) these deflections 
are considerably less than the corresponding values 
of the descending second loading. These differences 
are remarkable, and indicate the importance of rest 
for recovery. Even deflections 3a and 3b of the third 
loading, which immediately followed the second loading, 
are larger than those of the sixth loading (points 6a 
and 6b respectively) carried out three days later. 
In the case of beam Tr the general course of the 
deflection curves after cracking corresponds particularly 
well with the slope of the theoretical deflection line 
computed for a cracked section and m = 15, plotted 
in Fig. 7. Also the influence of creep can be clearly seen 
from this figure, at the points where the loading was 
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maintained for a certain time (points 2c—2d and 
3e—3f). 

As stated, one of the cracks already extended up to 
7 in. from the compression fibre when the load 
2W = 8 tons was reached the first time. If a triangular 
stress distribution in the compression zone is assumed, 
the mean tensile stress of the tensioned and untensioned 
wires at their combined centre of gravity in a cracked 
section amounted to 153,000 Ib. per sq. in., which would 
be 69 per cent. of the maximum strength. It is remark- 
able that on removal of loading the cracks closed up 
completely in spite of existence of non-tensioned wires, 
for which permanent extension might have been 
expected. 


The sixth loading was carried on up to 2W = 12 tons, 
when sudden failure occurred, the concrete casing 
being separated from the prestressed beam, and the 
latter failed similarly to test beam Pi, due to com- 
pression followed by shear. At this loading 89 per cent. 
of the calculated maximum moment was reached. 
At failure, which occasioned separation between casing 
and prestressed beam, the latter now alone became 
obviously too weak, since compression failure had 
occurred with Pr already at a loading 2W = 8.3 tons. 
It was noticed that the roughening of the very smooth 
surface of the prestressed component was insufficient, 
and it was, therefore, decided to repeat the test. 


Test on partially prestressed 
composite beam T2 


The test on Tx had already proved without doubt 
the suitability of a partially prestressed beam. with 
tensioned and untensioned wires, since it was seen 
that after repeated loading up to 2W = g tons (when 
the calculated mean stress in the tensioned and un- 
tensioned wires in a crack amounted to 153,000 Ib. per 


Fig. 9.—Testing composite partially prestressed 
test beam T2. December 1949 (measurement of 
width of cracks) 


sq. in. and already forty-one cracks had developed) 
the cracks closed up entirely and became invisible 
However, it was desirable to prove that the full tensil) 
resistance can be reached at failure, and it was thu 
necessary to repeat the test. As seen in Fig. 2 for Tz 
a prestressed beam was chosen which had two hole 
in the web, to enable links to be threaded throug 
these holes. Moreover, more attention was paid to 
thorough roughening of the surface. This was p 
ticularly important, since not sufficient assistan 
was to be expected by the two links threaded throu 
the web. It must be emphasised that the whole sha 
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the test beam, T, is not suitable for producing a The second test beam, T2, was cast in March 1949, 
iber corresponding to a composite slab in which and tested in December 1949. Fig. 9 is a photograph 
he in situ concrete is securely wedged between adjacent of the test, showing measurements of the width of 
re-cast beams. However, the shape selected seems cracks. Fig. 10 gives the load-deflection curves and 


e the best solution if only one pre-cast beam is used. the calculated stresses in a homogeneous and cracked 
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section similar to Figs. 4 and 7. These stresses are 
plotted, together with measured maximum widths 
of cracks, in Fig. 11, whereas Fig. 12 shows the stress 
distribution in the section for various loadings (actual 
and nominal concrete stresses in a homogeneous section). 
The type of support during hardening influences the 
magnitude of the concrete stresses in the beam and 
consequently the creep losses, certain stresses due to 
creep and differential shrinkage are transmitted to 
the casing concrete, as shown in Fig. 12 (a) at 
load 2W =o. The quality of the concrete casing was, 
as with beam Ti, the same as that of the prestressed 
beam. With regard to the stress diagrams of 
Fig. 12 (b and c), it is interesting to note that the 
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increase of the E modulus with age, the beam T2 being 
nine months old at testing, whereas beam TI was 
but one month in age. In Fig. 10 scales are plotted 
for the concrete tensile stresses only (in the fibres 
I and 3) and for the average steel stress in the tensioned 
and untensioned wires, based on failure conditions. 
A scale has been added showing the multiplier for the 
M.o.T. loading, corresponding to unity at a concrete 
tensile stress of somewhat above 500 Ib. per sq. in, 
This is based on the assumption that higher loads 
than M.o.T. loading will not occur, ensuring freedom 
from cracks even under fatigue. However, wit 
public roads, a further occasional increase of live loac 
is possible. The Railway Executive has, therefore 
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Fig. 11.—Maximum width of cracks. Test beam T2 


tensile stresses in fibre 3 are greater than those in fibre 1 
at commencement of cracking. Similar results were 
already indicated in Fig. 7 for test beam T1, and it 
was decided to pay particular attention to the com- 
mencement and development of any cracking. With 
very close observation, it has been found that the 
cracks become visible first at the bottom fibre of the 
beam, at a stress of approx. 1,000 lb. per sq. in., at 
which stage the stress in fibre 3 in the additional 
casing amounts to 1,250 lb. per sq. in. From these 
observations it might be assumed that cracks always 
develop from the bottom fibre, and that at the level 
where the non-prestressed casing is bonded to the 
prestressed beam, in spite of greater extensions, no 
cracks develop. However, Professor Evans has pointed 
out at the Unwin lecture (5) that very fine cracks occur 
at this level, as he was able to notice with a high-powered 
microscope, the width of the cracks being approx. 
1/I5,000 in. (0.0016 mm.). . The observation made 
at test beams Tr and T2 are in agreement with 
Professor Evans’ results, since no cracks were noticed 
with unaided eye, capable of detecting cracks of a 
width of approx. 0.02 mm. While a number of such 
very fine cracks may have developed, no noticeable 
reduction in the resistance moment occurred, since 
no change in slope of the deflection curve was noticed 
at that stage. 


By investigating Fig. 10 it can be seen that, at the 
first loadings, smaller deflections occurred than with 
test beam Tr according to Fig. 7, which indicates the 
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decided that such bridges should be designed for twice 
the M.o.T. load, with concrete tensile stresses at the 
bottom fibre of the prestressed concrete not exceeding 
z,000 lb. per sq. in., as is indicated in a diagram 
corresponding to Fig. 10 (6). Such a design would ensure 
freedom from cracks for a very rare overloading slightly 
less than twice the M.o.T. load. 


In this case the entire tensile resistance of both 
tensioned and untensioned wire has been taken into 
account, in order to have a measure of the maximum 
possible loading. Thus the maximum load is indicated 
in the graph, Fig. 10, as 2W = 14.55 tons, as indicated 
in Fig. 8 for tm = 100 tons per sq. in., whereas a load 


STEEL STRESS 
IN TONS PER SQ.IN. 
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ap increased to 11.54 in., resulting in a calculated 
maximum bending moment of 2,435,000 lb. in. and 
a maximum load 2W = 14.9 tons instead of 14.55 tons, 
as indicated in Fig. 10. 


From Fig. 10 it is seen that the second composite 
partially prestressed beam behaved, in principle, 
similarly to the first, but a much higher loading was 
reached. Cracking occurred at the second application 
of the Tx cracking load, viz. 2W = 7 tons, though 
no cracks had been noticed at a load of 2W = 6.5 tons. 
In Fig. 12 (b and c), the stresses in a homogeneous 
section are shown for each loading, e.g. at 6.5 tons, 
the calculated tensile stress at the bottom fibre of 
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of 2W = 13.65 tons has been considered for test beam 
Tx in Fig. 7, based on a stress of 85 per cent. of the 
ultimate strength in the untensioned wire. However, 
with good bond, the entire tensile strength should 
be reached also in the untensioned wires, as was the 
“case with beam 4 in the tests carried out at the Brixton 
School of Building (3). 
_ It may be mentioned that the calculation in Fig. 8 
is based on a prism strength cp = 6,000 Ib. per sq. in. 
However, the concrete of T2 at the age of testing had 
a higher prism strength (approx. 7,200 Ib. per sq. in. 
Sbtained on prism 4 in. by 4 in. by 16 in.). In such a 
ease the value mp would be reduced to 2.93 in. and 


20 2-5% 
STRAIN 


Pe@EFFECTIVE TENSIONING STRESS. 
Fig. 13.—Stress strain diagram of wire 


the precast concrete was f; = 900, and that of the 
in situ concrete f; = 1,171 lb. per sq. in., and at cracking 
they amounted to 1,039 and 1,258 lb. per sq. in. respec- 
tively. No crack had been noticeable earlier, although 
the concrete tensile stress in the fibre 3 was in excess 
of values at which cracks normally develop. The 
third loading was carried up to a load of 2W = Io tons, 
corresponding to a nominal tensile stress of 1,870 lb. per 
sq. in. At the fourth loading, which followed immediately 
upon the third, the cracks remained closed, in spite of 
the previous high stresses until a load, corresponding toa 
tensile stress of approx. 320 Ib. per sq. in. was reached. 
In Fig. 10, the load deflection curve is dotted between 
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oand 2W = 4.5 tons, since no intermediate measurement 
was taken. After the load had been increased to 
2W = 12 tons (at which the first beam had failed due to 
separation of casing from precast concrete), closing of 
the cracks: occurred only after the tensile stress had 
reversed into compressive stress, as seen in Fig. 11. At 
this loading of 2W = 12 tons, the nominal tensile stress 
amounted to 2,424 lb. per sq. in. 


So far as the ultimate resistance is concerned, reference 
is made to Fig. 13, in which the stress-strain diagrams of 
the tensioned and untensioned wires are shown. If 
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material at a loading before the compressive stresses 


_at the bottom fibres reverse into tensile stresses. 


When the seventh loading was applied up to a loading 
2W = 14 tons, the adhesion was destroyed at one 
weak point in the connection between the prestressed 
and “added” concrete; a similar failure occurred 
to the first beam at a stage when the wires were still 
fully intact without permanent strain. 


This fact was ascertained by special strain measure-_ 
ments shown in Fig. 14. Elongations of two tensioned, 
and two untensioned wires were measured by means 
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Fig. 14.—Measured strains for tensioned and untensioned wires. Test beam T2 


the effective prestress in the tensioned steel is taken 
as 50 tons per sq. in. (point A in the curve), and the 
pre-compression in the untensioned wire is 5 tons 
per sq. in. (point A’ in the curve), the origins of these 
two stresses represent the zero stresses for wires in 
the composite beam. Two curves are plotted with 
the origins O; corresponding to A and Ou corresponding 
to A’. Considering the same extension in the tensioned 
and untensioned wires at failure (e.g. 2.5 per cent.), it 
is seen that there will be very little difference in stress 
between the tensioned and untensioned wires. From 
Fig. 10 it is seen that the sixth loading was extended 
toaload of 2W = 14 tons, at which the nominal concrete 
tensile stress amounted to 2,978 lb. per sq. in. and the 
expected maximum load for Tr, viz. 2W = 13.64 tons, 
was thus exceeded. 


When the load of 2W = 14 tons was reached at the 
sixth loading, the beam unfortunately slid down from 
the supports, as indicated in Fig. 10, whereby it was 
slightly damaged. A temporary deflection of } in. 
remained as measured by a reduction of the camber 
from %in. to } in. However, after a rest of three weeks, 
this deflection recovered and the entire camber of 
8 in. was regained. This phenomenon is particularly 
notable, since previously a load had been applied 
corresponding to as much as 96.4 per cent. of the 
maximum loading which could be considered (tensioned 
and untensioned wires reaching the ultimate strength), 


At this loading of 96.4 per cent. the deflection 
amounted to more than 4 in. and the width of the 
greatest cracks to 0.75 mm. At the sixth and last 
loading the deflection curve was much steeper, but this 
may still be considered as one relating to a homogeneous 


Fig. 15.—Part view of test beam T2, showing the 
gauges for strain measurement at a load 
2W = 12 tons 


of dial gauges over lengths of between Io and 15 in. 
as indicated in the Fig. 14, and seen in the photograph 
Fig. 15, showing also some of the cracks. In Fig. 16 
some of these measurements are plotted as _ stresses 
in relation to the loading. 


The strain measurements plotted in Fig. 14 were 
made over a length of approximately 25 cm. for the 
tensioned wires and 35 cm. for the untensioned wires, 
and two measurements were taken for each type of 
wire. There was hardly any difference in the average 
strain between the tensioned and untensioned wires. 
At one side of the test beam the strain in the tensioned) 
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wire was higher and at the other side that in the un- 
tensioned wire, as seen from Fig. 14. However, for the 
sake of simplification, the same strains for tensioned 
and untensioned have been plotted in Fig. 16a for two 
‘different loadings. While there is no difference in 
‘strain in the two types of wires according to Fig. 16a, 
the stresses differ considerably, as is seen in Fig. 16b. 
Two strain-load curves have been plotted in diagram 
Fig. 16a: one relates to the fourth loading after the 
previous one had reached around two-thirds of the 
ultimate load. In this case it was noticed that the 
increase in strain approximated the sum of widths 
_ of cracks measured within the gauge lengths as shown 
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on the graph. This would prove that the bond is not, 
‘or only slightly, destroyed adjacent to the cracks. 
The second strain-loading curve corresponds to the 
Seventh loading at a state after the structure has 
already been loaded to 96.4 per cent. of the expected 


Maximum. This average stress of 96.4 tons per sq. in. 
Corresponds to a stress of gi per cent. of the ultimate 
asile strength in the untensioned steel, assuming 
at the tensioned steel, which amounted to 60 per cent. 

e total steel area, had already reached the ultimate 
rength. From Fig. 16b it is seen that a theoretical 
ess of go tons per sq. in. corresponds to an actual 


age steel stress of approximately 46 tons per sq. in. 
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in the untensioned wire and of 80 tons per sq. in. in 
the tensioned steel. It must be noted that these are 
average stresses between those within the cracks and 
along those parts between the cracks where the steel 
is bonded to the concrete. The actual stresses within 
the cracks are not known, and such an investigation 
would be one of many interesting subjects for further 
research. : 
Conclusions 


I. COMMENCEMENT OF CRACKING. The tests on | 
all three beams have confirmed that commencement 
of cracking cannot be noticed before the loading has 
reached such a stage that a concrete tensile stress of 
approx. I,000 lb. per sq. in. is obtained on the basis 
of a straight line stress distribution for a homogeneous 
material. At that stage the cracks are just visible, 
but not measurable, employing a Brinell microscope 
as seen in Fig. 9. With a high-powered microscope or 
with modern methods, such as ultrasonic methods, 
it might be possible to observe development of cracking 
at an earlier stage. However, if numerous fine, but 
invisible, cracks developed at an earlier stage, they 
would be of no essential influence on the carrying 
capacity, since an appreciable change in slope of the 
deflection line does not occur before distinct cracks 
have developed. Nor would such invisible cracks be 
of any harm from the point of view of corrosion, since 
even very fine visible cracks are harmless. Thus the 
development of any invisible cracks can be ignored, 
and it is sufficient to limit the consideration to visible 
cracks, commencing at a bending tensile stress of 
approx. 1,000 lb. per sq. in. for high grade concrete. 


2. CRACKING IN A COMPOSITE BEAM. In the test 
beams Ti and T2, in which there was a pre-compression 
in the bottom flange but no pre-stress in the im situ 
portion just above, commencement of visible cracks 
was noticed to occur at the bottom fibre, the cracks 
developing upwards. As Professor R. H. Evans has 
found, very fine cracks of a width of 1I/15,000 in. 
(0.0016 mm.) commence previously at the bottom fibre 
of the zm situ concrete. However, as pointed out 
under (1), such invisible fine cracks are of no harm and 
can be ignored. Thus, from the test results, it can 
be concluded that no visible cracks develop at that 
stage in this fibre where the non-prestressed additional 
concrete is adequately bonded to the prestressed 
concrete, in spite of the high theoretical concrete 
tensile ‘stresses, exceeding the modulus of rupture. 
Apparently, the development of visible cracks is 
restrained by the bond between prestressed and 
additional concrete and confined to the development 
of very fine harmless cracks. 


3. CLOSING OF CRACKS. All three tests have confirmed 
that cracks close up entirely on reduction of load, 
as soon as the tension reverses into compression, the 
prestress acting again along the entire length of the 
tensile zone, provided that the loading has not previously 
reached a stage of approx. 80 per cent. of the maximum 
loading, when permanent deformation occurs and 
the cracks remain visible though not measurable, as 
shown with test beam T2 (Fig. 11). 

4. CRACKS BECOMING INVISIBLE. Cracks appear 
to close even at a higher load than that at which the 
tension reverses into compression, provided that the 
previous maximum loading has only slightly exceeded 
the load at which the commencement of cracking 
becomes noticeable. This phenomenon depends on 
the depth of the cracks. As long as they are rather 
shallow, this earlier closing takes place ; but this closing 
may not be complete and it must, therefore, be assumed 
that at this stage the cracks become only invisible. 
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5. CO-OPERATION OF TENSIONED AND UNTENSIONED 
WIRES. Both tests Tr and Tz have proved that there is 
hardly any difference with regard to cracking and 
resilience in the behaviour of beams in which all wires 
are tensioned and those in which a part of the wires 
is tensioned and the other part untensioned, provided 
only that an effective prestress in ensured. Even 


with a previous loading up to 70 per cent. of the maxi- _ 


mum load, the cracks closed up to become invisible 
on removal of the load, and only after previous higher 
loading some of the cracks remained just visible (but 
not measurable). 


6. RECOVERY. A remarkable recovery was obtained 
with beam T2. Even after the loading had already 
reached 96 per cent. of the maximum, a relatively 
small apparent permanent deflection of $ in. remained, 
but this disappeared after a rest of three weeks. This 
capability of recovery should be of great advantage 
in the case of repeated loading. It is usual to base the 
fatigue strength on tests carried out in quick repetition, 
say 500 per minute, so that one or two million loadings 
are reached in a test extending over less than three days 
and nights, whereas there will be almost always a time 
for recovery in the structure, and the time of loading, 
during which two million repetitions of the maximum 
load occur, will extend over a much longer period, 
at least over several years. Thus, it can be said that 
laboratory fatigue tests give results much more severe 
than the actual loading conditions. 


7. THE ACTUAL STRESS IN THE WIRES. The strain 
measurements of the tensioned and untensioned wires 
over a considerable gauge length have shown that 
measured strain is much less than that expected. In 
individual loadings it was ascertained that the rapid 
increase in strain approximated the sum of measured 
cracks within the gauge length, which proves that the 
bond was destroyed in the immediate vicinity of the 
cracks only. Thus, the main extension occurs only 
in the cracks themselves, and a strain measurement 
through a crack limited to a short length would, 
therefore, be entirely different from the mean strain 
measured over the cracks for a considerable length. 
The mean steel stresses obtained on the basis of the 
strain measurements are considerably smaller than 
the stresses calculated for a cracked section. 


8. THE ULTIMATE RESISTANCE. The test beam P1 
showed a remarkably good agreement between calculated 
and actual failure load, the former based on an estimated 
prism strength. It can only be assumed that with 
beams of relatively shallow compression flanges, the 
prism strength may well represent the mean maximum 
compressive stress. However, it would be important 
to obtain more test results with regard to the failure 
of over-reinforced beams like Pr. With under-reinforced 
beams Tx and T2, the ultimate load was not reached, 
in view of destruction of the bond between prestressed 
concrete and casing. However, from the failure of 
beam T2, and other beams, it can be concluded that 
with under-reinforced beams, even if the tensile rein- 
forcement consists of tensioned and untensioned wires, 
the maximum tensile resistance of the steel, calculated 
for the specified tensile strength, should be reached, or 
even exceeded. After a loading up to 96.4 per cent. of 
the maximum, no sign whatsoever of any approach to 
failure of the steel was noticed, and hardly any per- 
manent elongation remained after the failure load was 
removed. 


9. ADVANTAGES OF CONSTRUCTIONS ACCORDING 
TO TEST BEAMS T. When considering the properties 
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of these beams, with regard to cracking, resilience 
and recovery, it would appear of technical and econom- 
ical advantage to make use of them in the design of 
building construction. By reducing the prestressed 
concrete component to the minimum necessary, it 
is possible to reduce the cost and to take advantage 
of the tensile resistance of the non-prestressed additional 
concrete to a very high extent (in fact, in excess of 
its tensile strength) without the occurrence of visible 
cracking. 


10. FUTURE RESEARCH. The author has suggested 
further tests in conclusion 13 of the paper (3) which may 
be repeated in the following, the purpose being te 
show :— 


(a) effect of combined shear and bending ; 

(b) the effect of variations in grouting post-tensioned 
wires ; 

(c) the stress distribution at failure in over-reinforced 
beams ; and 


(d) the influence of fatigue on cracking. 


This last question would require especially wide 
investigations to obtain the fatigue resistance of pre- 
stressed concrete under different conditions, (i) where 
the maximum load occurs within certain intervals. 
e.g. for road bridges, and (ii) where the maximum load 
applies in quick repetitions as with railway bridges. 
In both cases it would be interesting to study alsc 
the behaviour of prestressed concrete under fatigue 
conditions at various stages, after cracks have already 
once developed. 


A further study of importance would be to investigate 
the co-operation of prestressed and additional un- 
prestressed concrete in composite beams under fatigue 
conditions, with particular attention to the development 
of cracking. 


In view of the great number of problems still to be 
solved with prestressed concrete, it would be of great 
advantage if the studies of the various research workers 
could be combined and special arrangements made 
whereby they will be able to exchange their views. 
This would have the effect of avoiding duplication. 
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London, 8, Gombards, St. Albans, Herts. 

RusuTon, Frank, c/o Sierra Leone Development Co., 
Ltd., P.O. Box 7, Freetown, Sierra Leone. 

SADLER, William, 1, Cheltenham Avenue, Thornaby- 
on-Tees, Stockton-on-Tees, Co. Durham. 

SAGAR, Naresh Chander, Sagar Mansions, Gopal Road, 
Ludhiana, Punjab, India. 

SHROTRI, Ganesh Shankar, B.E. (Civil) Bombay, 115, 
Narayan Peth, Poona 2, India. 

THEAN Lip TuHonc, B.Sc. (Eng.) London, 33, West 
Cromwell Road, S.W.5. 

WELLS, Kenneth James, B.Sc. (Civil) Birmingham, 
3, Primrose Hill Road, N.W.3. 

WHITTLE, Geoffrey Farrow, B.Sc. (Tech.) Manchester, 
17, Carlton Road, Derby. 


ASSOCIATE-MEMBER 
CHATTERJEE, Ranjit Mohan, B.E. (Civil) Calcutta, 
A.M.I.E. (India), c/o Chief Engineer, Calcutta Port 
Commissioners, 15, Strand Road, Calcutta, India. 


ASSOCIATE 
Birks, Herbert, 3, Laurel Road, Saltburn-by-Sea, Yorks, 


TRANSFERS 
Students to Graduates 

ALLEN, John Derek, 11, Crwys Road, Roath, Cardiff. 

Harvey, Wreyford Frank Petrie, 7, Colbourne Road, 
Hove 2, Sussex. 

Hit1, Peter Henry, 8, Oakbury Road, Fulham, $.W.6. 

LIGHTBAND, Michael Stuart, B.Sc. (Eng.) London, 
2A, Palfrey Close, St. Albans. 

O’CONNELL, William Noel, B.Eng., N.U.I., c/o Leslie 
Turner & Partners, 5A, The Pavement, Grove Road, 
Sutton, Surrey. 

Scott, John Rodger, 15, Tweed Crescent, Riddrie, 
Glasgow, E.1. 


Graduate to Associate-Member 
KurzkE, Werner Walter Oskar, gA, Cuthbert Buildings, 
Maitland Street, Bloemfontein, O.F.S., South Africa. 


Associate-Members to Members 

GuINsBourG, David, c/o Head Office, Palestine Electric 
Corp., P.O. Box 57, Haifa, Israel. 

Kass, Boris Morduch, P.O, Box 205, Salisbury, 
Southern Rhodesia. 

OckLEsToN, Allan Joshua, B.E., Ph.D. (Civil) N.Z., 
A.M.IL.C.E., Dept. of Civil Engineering, University of 
Witwatersrand, Milner Park, Johannesburg, South 


Africa. 


Members to Retired Members 


CLAxToN, Harold, M.C., A.M.I.Mech.E., ‘“‘ Corners,”’ 
West Chiltington Common, Nr. Pulborough, Sussex. 
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MILTAR; John, PLR ODGS, 275 Park Hills SV aa 
SEAH Eck JIM, 4, Keng Chin Road, Singapore. 


RE-ADMISSION 
Graduate 
WICKRAMASINGHE, Alastair Claude, E.E.’s Bungalow, 
Dimbula, Talawakelle, Ceylon. 


OBITUARY 


The Council regret to announce the deaths of Edward 
Charles Buck, M.I.C.E., M.I.Mech.E., of Port of Spain, 
Trinidad, who was the Institution’s Representative in 
the British West Indies from 1940 to 1949, and Chotolal 
Chunilal. DaLar,  _B.E. MECH. “lol Myderapad 
(Members). 


RESIGNATION 


Notification was given that the Council had accepted 
with regret the resignation of Leshe Harper Bakes, 
L.R.I.B.A. (Member). 


EXAMINATIONS, JANUARY, 1951 


The Examinations were held in January, 1951, at the 
usual centres in Great Britain, and at the following 
overseas centres: Baghdad, Beirut, Bombay, Cairo, 
Cape Town, Christchurch (N.Z.), Colombo, Durban, 
Georgetown, Hong Kong, Johannesburg, Lucknow, 
Lusaka, Madras, Port Elizabeth, Salisbury (S. Rhodesia), 
Singapore, and Wellington (N.Z.). 

Seventy-four candidates took the Graduateship Ex- 
amination, 57 at Home centres and 17 overseas. 

Two hundred and twenty-four candidates took the 
Associate-Membership Examination, 187 at Home 
centres and 37 overseas. 

The total number of entries for both examinations 
_ was thus 208. 

Of these, 53 passed the Graduateship Examination 
and 93 passed the Associate-Membership Examination. 

The names of the successful candidates are :— 


GRADUATESHIP EXAMINATION 
BAKER, Alexander John. 
BHARUCHA, Sorab Hormusji. 
BLACKBURN, Keith Chalkley. 
Brotton, Arthur Reginald. 
CLARK, Raymond Bostock. 
Cotton, Stanley Arthur Charles. 
Cox, Allan Thomas Charles. 
CREIGHTON, Leslie. 
DZIEWULSKI, Jerzy. 
Easton, Edgar. 
Frost, Archibald Douglas. 
GARTHWAITE, Charles Henry. 
GOULD, Noel Brian. 
HAIGH, Jack. 
Ha.ttows, Brian Hector. 
Harris, Clifford James. 
Hicks, Edward George. 
Hoare, John Hubert. 
Hopkins, Donald McTaggart. 
Huskins, Leslie Roy. 
James, Arthur Neville. 
JAMES, Dennis Frederick. 
KaAczKOWSKI, Tadeusz Adam. 
LopcE, Dudley William. 
MANUELL, Herbert Joel. 
MarTIN, Geoffrey Walter. 
McCarTE, John. 
MEREDITH, William James. 
MorcGan, Ivor Charles. 
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NEWMAN, James Herbert. 
NICHOLS, George William. 
NOLLER, Gerald Rous Allen. 
Pitt, Peter Hubert. 

PRIDDEY, Harry Walter. 
RAJAPAKSE, Rajapske Kankananalage Chandradasa. 
RAYNER, Patrick Anthony, 
RENDALL, William Cutt. 
RoussEAU, Francis McGill. 
ROWLEY, John Charles. 

SALEEM, Muhammad Akbar. 
SHERWIN, Albert. 

SNOWDEN, George William. 
SRINIVASAN, Kilnagar Vedachala Iyer. 
Sutton, Derek Harold. 

Tattr, Robert James. 

TAYLOR, James Edward. 
TRANFIELD, Raymond. 
TRANFIELD, William. 

Trump, Vernon Henry. 

TYLMAN, George Anthony. 
Wuite, Allen Robert. 
WIDDRINGTON, Thomas Anthony. 
WoJCIECHOWSKI, Jan. 


ASSOCIATE-MEMBERSHIP EXAMINATION 
ALLEN, Arthur Charles. : 
ARMSTRONG, lan Fraser. 
BANNATYNE, William. 

Barnas, Stanislaw Adam. 
BARRON, Thomas. 

Barry, Maurice Henry Alfred. 
Batu, Charles Frederick. 
Bocen, Alexander David. 
Bowman, Arnold. 
BROCKLEHURST, Frank. 
BucuHan, Ian. 

Byrne, Bernard John Le Cesne. 
CANTLAY, William Gordon. 
Cass, Ronald Harry. 

CAUNT, George. 

CHILTON, William Gordon Eley. 
CLARKE, Godfrey Baynes. 
CoLLins, Brian Thomas. 
CooPER, John Reginald. 
Cooper, Stanley Maurice. 

Cox, Dennis. 

Dae, Hilary Michael. 

DEAKIN, Brian. 

Der SirvA, Muttuwa Sarukalige M. 
DowseEtTt, Victor Frederick. 
DopswortTH, Foster. 

Downes, Arthur Harvey. 
Eaton, Kenneth Vernon. 

Ei, Panicos. 

Et.is, Lewis Geoffrey. 

EsakoFr, Edgar Arnold. 
Farrow, George Albert. 

Finn, Edward Vivian. 
FORSBREY, Leonard William. 
FortEy, Joseph William. 
GuosH, Arabinda. 

GrRooME, Leonard William Edward. 
Hanna, Milad Mikhail. 

Hitt, David Alexander Howard. 
HOLLENBACH, Carel Arnold. 
HUMPHREYS, Robert. 

HusBAND, Richard. 

JALINK, John Bernard. 

KincG, Charles William. 

LANE, Alan Sidney. 

LANGFIELD, Ronald Alexander. 


i 
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LEE, Gwoh Liang. 

Levy, Joseph. 

LIEBENBERG, Algernon Charles... 
LoacH, Douglas Clifford. 
Lock, Kenneth Alfred. 
Lowson, Barry Christian. 
MosELEY, Arthur Raymond. 
Muttins, Leslie Herbert MacLeod. 
Newton, Peter ‘Dennis. 
OGpEN, John. 

ORME, Donald Harrison. 
OsGERBY, Colin. 


PayNeE, Richard James. 
Peacock, Mark Beauchamp. 
PENNINGTON, Duncan John. 
POMFRET, Donald. 

PooLey, Noel. 

Quinton, David William, 
Ramsey, Frank Cyril. 
Rospertson, Alexander Gordon. 
RussELL, John. | 

SALE, Desmond James. 
SARGENT, Albert Reginald. 
SHORTER, Christopher Thomas. 
Simms, George Alfred. 

SmiTH, Richard Anthony. 
SPEED, Cecil Harry. 

STAKE, David Walshaw. 
STANDEVEN, Alec. - 

STEEL, Richard William Charles. 
TaN TIonNG BENG. 

TAYLoR, Alan. 

TaAyLor, Geoffrey Bell. 
Tuompson, Leslie. 

Tuomson, Frederick Murray. 
Txorp, Cyril Francis. 
TWELVETREES, Walter Sydney. 
Van HEERDEN, William Jacobus Stephanus. 
Vaucuan, Thomas Henry. 


ARD, Walter Burton. 
/ARK, Donald Hulme. 
WEBBER, Norman Bruton. 
WHITLAM, Edwin Frederick. 
TE, ‘Basil Percy. 
JILSON, William Barry. 
VOLSTENCROFT, Derek. 
Wyatt, Christopher Terrel. 


The Council have awarded the following prizes in 
connection with the Examinations ee in January, 


ALLACE PREMIUM (SENIOR)—(For the candidate 
10 takes the whole of the Associate-Membership 
Xamination, passes in all subjects, and obtains the 
shest marks in the paper, “ Theory of Structures 


dvanced).”’) 
Joseph Levy, of Glasgow. 


Huspanp Prize—(For the candidate who takes the 
hole of the Associate-Membership Examination, passes 
" ets, and obtains the highest marks in the 
er, “ Structural Engineering Design and Drawing.’’) 


3 Bi: William Kinc, of Richmond, Surrey. 


ANDREWS PriIzE—(For the candidate who obtains the 
t aggregate of marks in the Associate-Membership 
mination, passing in all subjects.) 

t HumpuHREYS, of Middlesbrough. 


PRIZE LIST—JANUARY, 1951, EXAMINATIONS — 
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WALLACE PREMIUM (JUNIOR)—(For the most suc-- 
cessful candidate in the Graduateship Examination, 
passing in all subjects.) 

James Edward Taytor (Jnr.), of Birmingham. 


EXAMINATIONS—JULY, 1951 
The Examinations of the Institution will next be 
held at centres in the United Kingdom and overseas on 
July 17th and x8th (Graduateship), and on July roth 
and 20th (Associate- -Membership). 


FORTHCOMING MEETINGS 

The following meetings will be held at 11, Upper 

Belgrave Street, London, S.W.1 :— 
Thursday, May 17th, 1951 

Ordinary Meeting at 6 p.m., when Dr. K. Hajnal- 
Konyi (Member) will present a paper on ‘“‘ Comparative 
Tests on Various Types of Bars as Reinforcement of 
Concrete Beams.” 

Members wishing to bring guests to this meeting are 
requested to apply to the Secretary for tickets of ad- 
mission. 

Thursday, May 24th, 1951 

Ordinary General Meeting for the election of members, 
5-55 p-m., followed by the pn General Meeting: at 
6 p.m: 

Thursday, June 28th, 1951 

Ordinary General Meeting for the election of members 

only. 


BENEVOLENT FUND 


The Annual General Meeting of the Voting Con- 
tributors to the Institution of Structural Engineers 
Benevolent Fund will be held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, May 24th, 1951, 
at 6.30 p.m. 


SESSIONAL: AWARDS 
The Council have made the following awards for the 
Session 1949-50 :— 
INSTITUTION SILVER MEDAL 
Professor J. F: BAKER, O.B.E. (Member), for a paper 
entitled ‘‘ The Design of Steel Frames.” 
INSTITUTION BRONZE MEDAL 


Mr. R. Gray (Member), for a paper entitled “ Ridged 
Steel Arch Roofs.” 


BRANCH PRIZES 
The following awards have been made in respect of 
papers given before the Branches during the Session 
1949-50 :— 
LANCASHIRE AND CHESHIRE BRANCH PRIZE 
Mr. R. Gray (Member) for a paper on “ Ridged Steel 


Arch Roofs.” 
NORTHERN COUNTIES’ BRANCH PRIZE 


Mr. D. W. CooPER (Associate-Member) for a paper on 
‘Shell Concrete.” 
ScoTTISH BRANCH PRIZE 
Mr. W. SHEARER SMITH (Associate-Member), for a 
paper on ‘‘ Cold Formed Sections in Structural Practice 
with a proposed Design Specification.” 
YORKSHIRE BRANCH PRIZE 
Mr. Stewart CHAMPION (Associate-Member), for a 
paper on “ Some Reasons for Failure in Concrete 
Structures.” 
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REPRESENTATION 
The Council have made the following nominations of 
members to represent the Institution :— 
ARCHITECTS’ REGISTRATION COUNCIL OF THE UNITED 


KINGDOM AND ADMISSION COMMITTEE 
Lt.-Col. R. F. GALBRAITH, M.C. (Vice-President). 


ENGINEERING JOINT COUNCIL 


The PRESIDENT (Mr. J. E. Swindlehurst, O.B.E.), and 
Mr. Leslie TURNER (Past-President). 


INTERNATIONAL ASSOCIATION FOR BRIDGE 
AND STRUCTURAL ENGINEERING 

The President has accepted office as a Vice-President 
of the 1952 Congress of the International Association for 
Bridge and Structural Engineering, and the Secretary 
has been authorised to act as Joint Honorary Treasurer 
of the Congress with the Secretary of the Institution 
of Civil Engineers. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


A visit has been arranged to the Murex Welding 
Works on Saturday, May 5th. The party will meet at 
the works at 2.30 p.m., and members may travel by 
trolley-bus from Manor House Tube Station, Green Line 
No. 715 from Marble Arch, or by train from Liverpool 
Street Station. The journey takes about an hour. 

At the Annual General Meeting held on March 13th, 
the following Honorary Officers and Committee members 
were elected :— 

Chairman : R. E. Foot. 

Vice-Chairman : P. L. Harvey. 

Hon. Secretary : D. B. Rogers. 

Hon. Assistant Secretary : D. S. M. Sampson. 

Committee Members ;: C. A. Brown. 

Dos tertale. 


Ex-officio Committee Member: R. Tranfield. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


Hon. Secretary : G. Greenlees, A.M.I.Struct.E., 16, 
Mayfield Avenue, Stretford, Lancs. 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary : F. M. Turner, 11, Colwell Avenue, 
Stretford, Lancs. 


MIDLAND COUNTIES’ BRANCH 


Hon. Secretary: E. R. Deeley, A.M.1.Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 
Saturday, May 5th, 1951 
Visit to the Building Research Station, Watford. 
Tuesday, May 20th, 1951 
Joint Meeting with the Students’ Section of the 
Institution of Civil Engineers. A talk on Code of 
Practice 114 : 1948—The Structural Use of Reinforced 
Concrete in Building—will be given by Mr. A. T. Clarke 
(Associate-Member) at the James Watt Memorial Insti- 
tute, Birmingham, at 7 p.m. 
Hon. Secretary : M. H. Evans, B.Sc., 107, Metchley 
Lane, Harborne, Birmingham, 17. - 
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NORTHERN COUNTIES’ BRANCH 


Hon. Secretary: J. A. Williams, A.M.I.C.E., A.M.L 
Struct.E., 57, Reid Park Road, Jesmond, Newcastle- 
upon-Tyne. 


NORTHERN IRELAND BRANCH 


Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
Lisleen, 13, Finaghy Road, North, Belfast. 


SCOTTISH BRANCH 


Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E., 
A.M.I.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES’ BRANCH 


Hon. Secretary : E. W. Howells, M.I.Struct.E., 10- 
12, Market Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 


The Annual General Meeting of the Branch will be 
held at the Mackworth Hotel, Swansea, on Tuesday, 
May Ist, 1951, at 6.30 p.m. 

Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


- WESTERN COUNTIES’ BRANCH 


Hon. Secretary: G. E. Saunders, M.1.Struct.Ey 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 


YORKSHIRE BRANCH 


The Seventh Ordinary Meeting of the Session was 
held on Wednesday, March 2tst, 1951, in the Chemistry 
Lecture Theatre of Leeds University, at 7 p.m., and 
took the form of a joint meeting with the Yorkshire 
Association of the Institution of Civil Engineers. Mr. H. 
C. Husband, B.Eng., M.I.C.E., M.I.Mech.E. (Member) 
was in the Chair, and the meeting was attended by 75 
members and friends. : 

Mr. J. Guthrie Brown, M.I.C.E. (Member of Council) | 
gave a lecture entitled ‘‘ Hydro-Electric Development 
Pitlochry,” which was followed by questions anc 
discussion. A vote of thanks to the lecturer wa: 
proposed by Professor R. H. Evans, D.Sc., M.1.C.E. 
M.I.Mech.E. (Member), and seconded by Mr. T. Knigh 
on behalf of the Yorkshire Association. 


The Annual General Meeting of the Branch will b 
held at the Great Northern Hotel, Leeds, on Wednesday 
May oth, 1951, at 6.30 p.m. Mr. J. G. Faber, B.Se 
A.M.1.C.E. (Associate-Member), will give a lecture 0 
“The Construction of 240-ft. clear span Sheds fe 
Aircraft Production.” 


Hon. Secretary: E. Wrigley, A.M.I.Struct.E., Cit 
Engineer’s Dept., Civic Hall, Leeds, 1. 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.B 
A.M.I.Struct.E., P.O. Box No. 3306, Johannesbur 
During week-days Mr. Tait can be contacted in tl 
City Engineer’s Department, City Hall, Johannesbur 
’phone 34-1111, ext. 257. 
Natal Section Hon. Secretary: E. G. Bennet 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.! 
Box 478, Durban. 


Cape Section Hon. Secretary : R. Stubbs, M.1.Struct.F 
P.O. Box 1692, Cape Town. 


:.. 1951 
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Cold Formed Sections in Structural Practice 
_ with a Proposed Design Specification” 


By W. Shearer Smith, A.M.I.C.E., A.M.1.Struct.E. 


Synopsis 

_ The modern trend of structural development is to 
‘reduce weight, and simultaneously to increase structural 
efficiency. A powerful means for realising these aims 
is to be found in the use of sections of thin walled 
proportions. Such sections, on account of their lightness, 
together with outlines chosen for maximum stiffness, 
give a high load-carrying capacity to structural weight 
ratio. 

Despite the increasingly widespread use of these 
types of sections in this country, little design information 
is available, and there as no Design Specification at 
present. It is to fill this gap that the paper and specifica- 
tion have been prepared. The specification has been 
drawn up on the bases of research work carried out 
during the past seven years in the Department of 
Civil and Mechanical Engineering of The Royal Technical 
College, Glasgow. 

The paper starts with an introduction covering the 
‘cold rolling process, the range of application of cold 
formed sections, assembly methods and auxiliary 
processes. 

_ this is followed by the Proposed Design Specification 
and a Commentary on this, indicating the theoretical 
basis, the experimental evidence and the practical limits 
which condition the drafting of the various clauses. 

_ The paper culminates in the presentation of selected 
designs chosen from a wide range, demonstrating the 

“economic practice of cold formed section construction. 


= Notation 


Effective length. 

Radius of gyration. 

Radius of gyration of beam perpendicular to 

4 plane of bending. 

Breadth of plate component. 

Length of bearing measured parallel to the web. 

Depth of web of girder. 

Thickness of plate component. 

Yield stress (14 tons/sq. in.). 

Critical stress. 

Actual axial tensile stress. 

Actual axial compressive stress. 

Maximum compressive bending stress co- 
existent with shear stress in the web. 

Sum of tensile stresses due to bending about 
principal axis. 

Sum of compressive stresses due to bending 
about principal axis. 

Actual shear stress in webs. 

Actual bearing stress. 


Nut 


He nee deed 


I 


I il 


_ *Given before the Institution of Structural Engineers, at it, 
bey Belgrave Street, London, S.W.1, on Thursday, March ist, 


_+These symbols have also been used, for simplicity’s sake, to 
de note the actual maximum tensile or compressive stress due to 
ng with (or without) direct load. 


e new Abbey Works of the Steel Company of Wales, 
ed, with its huge “ continuous hot strip mill’’ will have 
estimated output of a million tons annually. This strip 

suld have a minimum guaranteed yield’ stress of 14 tons 


Ft = Permissible stress in tension. 

fF’, = Permissible stress in compression. 

Fyt = Permissible tensile stress in bending. 

F'ye = Permissible compressive stress in bending. 

F'ye== Permissible compressive stress in bending in web. 

Fs = Permissible shear stress (other than webs). 

F’s = Permissible shear stress in webs of girders. 

Fy = Permissible bearing stress. 

C, = Constant depending on end conditions. 

C, = Constant depending on edge conditions. 

C,; = Constant depending on end conditions (angle 
struts). 

Crp= Torsion-bending constant. 

m == Constant depending on the ratio (//r»)/(d/t) 

kK, = Flange bending stress factor. 

kK, = Web bending stress factor. 

kK, = Web shear stress factor. 

q = Column irregularity factor. 

Iy = Polar moment of inertia. 

o . = Poisson’s ratio = :3 for mild steel. 

E = Modulus of elasticity (11,000 tons/sq. in.). 

B = Lateral stiffness in bending = E x Iyy. 

G = Modulus of rigidity = E/2 (1 + s). 

J = 1/3 st? where s = circumference of section outline. 

C = GJ = Torsional rigidity. 


Introduction 


The use of light gauge structural sections, cold formed 
from steel strip or sheet by rolling mill or other means, 
is fast becoming commonplace in this country. Many 
good reasons may be put forward for this somewhat 
rapid development, but perhaps the most important 
is the ease with which a very wide range of sections 
can be produced. 


(a) Cold Rolling or Forming Process 


The shaping of steel sheet by at least one of several 
methods will no doubt be familiar to all, but, as by far 
the largest quantities of structural sections are now 
being cold rolled, a word or two about : 


(i) the Rolling Mill, as compared with 
(11) the Press Brake, 


will not be out of place. 

For cold rolling, the material used is in the form of 
strip or coil, produced from the billet usually hot rolled 
to strip{ form. 

The strip varies in thickness and width according 
to the sections required, 16 gauge (1/16 in.) to 
8 gauge (5/32 in.) being considered most suitable for 
structural purposes. Coils can be obtained up to 
36 inches wide weighing nearly 3 tons, but the majority 
of practical strip widths used do not exceed 18 in. 
This hot rolled strip is usually supplied pickled and 
oiled to ensure scale-free surfaces. Not only is this 
essential to avoid undue roll-wear, but it provides 
a most excellent surface, after degreasing, for any 
subsequent protecting or finishing coat. 

In the rolling process the strip, mounted on a drum 
or in a coil box, is fed into one end of the mill, where 
it passes between rollers or cones of required contour, 
resulting in the finished section leaving the other end. 
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The mills, consisting of 6 to 15 sets of spindles with 
their suitably spaced “forming cones, take from a few 
hours to several days to set, depending on the intricacy 
of the section. 

As it leaves the mill, the section slides along a movable 
table, on which is mounted a jig stopper at the far end 
and a saw or cutting tool at the mill end. 

When the section meets the stopper, it takes the 
table with it until the cutting operation is completed, 
after which the table moves back into position ready 
for another length of section. The high-speed friction 
disc is used for larger sections, but new specially-devised 
swing-shear tools are now proving invaluable for 
cutting the smaller sections to exact length. 

As the strip being rolled nears its end, the mill is 
stopped and a new coil butt-welded to the old to ensure 
a continuous rolling operation. The portion containing 
the weld is always Speed 

Apart from the fact that the length of coil may be 
as much as 600 feet, it will be obvious that almost 
any length of section can be rolled, but the ease with 
which it can be handled and conveniently transported 
are governing factors. 

When rolling a channel, for instance, the base or 
web of the channel remains horizontal throughout, 
while the flanges are formed, each set of cones shaping 
them more towards their ultimate angle. The maximum 
breadth (i.e. depth when being rolled) of section or 
channel flange, including lip, is usually not more than 
4 inches. 

The press-brake is essentially a machine containing 
a long horizontal tool or former, which rises and falls 
with a pressure of about 150 tons, to meet a suitably 
formed lower fixed portion. This machine can produce 
relatively small quantities of simple sections, not 
justifying a mill setting, in lengths up to nearly 20 ft. 
Complicated sections requiring severai operations and 
having a girth in excess of 18 in. can also be pressed 
by this method. Several smaller component parts 
may even be produced simultaneously. 


(b) Range of Application 

While there is scarcely any limit to shape or section, 
ordinary channels, along with outwardly lipped and 
inwardly lipped channels, are by far the most popular 
sections at present. The zed bar is also likely to play 
a large part as purlins. 

The outwardly lipped or “top hat” section, with 
its splendid structural properties, is ideally suited for 
rafter members in roof trusses as 1t permits the internal 
members to fit into it, with a minimum use of gusset 
plates. Channels have at least one advantage over the 
angles in that they are all symmetrical about one axis, 
thus facilitating concentric loading and economical 
design. 

Cold formed sections in modern steel constructions 
are being developed both independently and supple- 
mentary to the heavier conventional hot rolled structural 
sections. 

Light occupancy building where the live loads are 
moderate, roof trusses, purlins, bracings, and floor 
constructions at relatively close spacing, form but one 
group in which cold formed sections have been used 
with complete success. Their overall efficiency has 
also been proved in storage racks, pallets, steel shuttering 
and automobile construction. 


(c) Auxiliary Processes and Assembly Methods 


Here, there is a very wide field open for the really 
expert production engineer. Modern methods can 
and have been introduced. Special multiple punches, 
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forming tools and other appliances, combined with 
some measure of standardisation, play a large part. 

For the shop assembly of various:components in say, 
a roof truss, welding by electric arc is used almost ex- 
clusively. Jigs are generally used to locate the various 
assemblies during the preliminary welding operations 
to ensure accuracy and interchangeability. These 
may be either very simple or highly complicated ones, 
depending on the nature and quantities of assemblies 
being produced. 

The customary care should be taken to avoid burning 
through the lighter gauges and, to accomplish this, 
No. 12 gauge electrodes are invariably employed. 

Spot and projection welding have been used with 
some success for certain types of constructions. 

Bolting is generally reserved for site connections. 


(d) Protection against Corrosion 


The possibility of corrosion of light gauge steel in 
permanent buildings was investigated some time ago 
by a committee embodying representatives of the 
Department of Scientific and Industrial Research 
and many other competent organisations, and their 
recommendations were published in British Standards 
Institution publication P.D.420 : 1945 (3). 

Since then, the Council for Codes of Practice for 
Buildings has produced a draft Code of Practice for 
Painting Iron and Steel*. 

One of the big advantages of cold formed sections 
over ordinary hot rolled structural sections, in their 
resistance to corrosion, lies in the fact already men- 
tioned, that the strip material used must necessarily 
have been cleaned by pickling and oiling ; the resulting 
scale-free surface provides, after degreasing, an excellent 
base for any subsequent rustproofing process. 

The evidence collected by the Pittsburgh Testing 
Laboratory, in their very full report for the American 
Iron and Steel Institute’® on the durability of such 
constructions installed during the past 35 years, is 
most reassuring. The condition of the steelwork in 
50 different types of buildings, divided into three ratings, 
were as follows :— 

45 buildings good ; 5 buildings fair ; and none poor. . 
Yet these structures relied, for the most part, on the 
standard commercial paints then available. 

It is not intended to belittle the need for protectitll 
steel by one of several methods, but rather to emphasise 
the importance of most careful preparation of the steel 
for protective coatings, rather than the need for 
expensive coatings as such. 


I. Permissible working Stresses fer Light Gauge 
Structural Members : 


The following proposed specification has been com- 
piled for structural members cold formed or rolled from 
light gauge sheet or strip steel having a yield stress fy of 
14 tons/sq. in. and Young’s Modulus F of 11,000 tons, 


sq. in 


Axial Stresses in Tension—Ties 

1. The permissible direct stress in pure tension on the 

net area of the section should not exceed 
F, = 0.59fy = 8.26 tons/sq. in. 


Axial Stresses in Compression—Struts 
(Uncased) 


2. The permissible direct stress in pure compressio1 
on the gross sectional area should not exceed the lesse 
of the values given by (i) and (ii) as follows :— 


(i) Fa selected from Table x to correspond to t 
slenderness ratio of the member, where— 


se 


. effective length as defined in B.S. 449 : 1948. 
radius of gyration. 


= 
I 


| F, selected from Table 1 to correspond to the 

_ ‘maximum plate ratio b/i of the member, 

_'.  -where— 

5 = actual width of plate component of the 
cross section under consideration. 


= thickness of plate component. 

: - +> —+| stiffened. y. 

ele 

a x 
ce “ 

} v 

z Typical 

' Dimension 


Notation 


_ N.B.—In tables where only “stiffened” edge d/t 
ues are recorded stress values for “ unstiffened ” 
es may be obtained by selecting the stress value 
responding to a “‘ stiffened’ b/f value equal to three 
es the actual 5/é ratio of the “ unstiffened’’ edge 
Le. 


_A plate component may be considered to have 
“ stiffened ’’ edges if width of both its adjoining plate 
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components is not less than the sizes given below— 
otherwise it should be considered as “ unstiffened.”’ 


Table 2 
Adjoining plate width for “ Stiffened’’ edge 


Minimum width of — 


Thickness of plate | Adjoining plates 


18g. (.048 ins.) 

16g. (.064 ins.) 

14g. (.080 ins.) 

12g. (.104 ins.) 

$ (app. Iog.) (.125 ins.) 
8g. (.160 ins.) 


| au 
i 


Bending Stresses—Beams 

3. The stresses are applicable to sections symmetrical 
about the plane of bending and to other types of sections 
if they are effectively prevented from twisting. 

In calculating tensile and compressive stresses in 
bending the net moment of inertia of the cross-section 
should be used. 

(a) Tensile flange stress 

For beams other than girders with built-up flanges 
the bending stress in the extreme fibres should no 
exceed 


Fri 0.65 fy = 9.10 tons/sq. in. 


For girders with built-up flanges the above value of 
Fy, should be reduced by 5 per cent. 


(b) Compressive flange stress (uncased beams) 

The bending stress in the extreme fibres should not 
exceed the least of the values given by (i), (ii), and (iii) 
as follows :— 

(i) Foe = 0.65 fy = 9.10 tons/sq. in. 


Table I. 
Peymissible working stvesses in tons/sq. in of gross section for axial loads 
bjt bit 2 EB, | ; bjt bit [ea daw 
ie. unstiffened stiffened |  tons/sq. in. Wha unstiffened stiffened | tons/sq. in. 
edge edge | edge edge 
° 8.26 | 160 232 96.97 1.77 
5 I.O1 3/108) §.03 I} 165 33-33 100.00 1.68 
10 2.02 6.06 7.80 I 170 34-35 103.04 1.60 
aS 3-93 aly) 7:57 | 175 35-36 106.07 i. 52 
20 4.04 12/212 7.34 180 36.37 109.10 TWh 
25 5.05 4 15.15 7a vas 185 37-38 Drowns r.37 
30 6.06 18.18 6.89 190 38.39 115.16 TZ 
r 35 Weog. Zue2E 6.66 i 195 39.40 118.19 £225 
~ 40 8.08 24.24 6.43 | 200 40.41 E2ta22 1.19 
45 9.09 P59 ody 6.20 | 205 41.42 124.25 1.14 
50 10.10 30.30 Ccy a 210 2.43 127.28 1.09 
55 II.11 33-33 5-74 eae 43-44 130.31 1.04 
60 E212 36237 5.51 | 220 44-45 133.34 1.00 
> 65 E319 39.40 5.28 ! 225 45-46 136.37 0.96 
7° 14.14 42.43 5-05 . 230 46.47 139.40 0.92 
75 15-15 45-46 4.82 235 47-48 142.43 0.88 
80 16.16 48.49 4-59 240 48.49 145 46 0.85 
Bess shy Pea I, 51.52 4.36 245 49.50 148 49 0.82 
: 90 18.18 54-55 Ae re 250 50.51 151 52 0.79 
‘ 19.19 57-58 3.88 255 5. 52 154-56 0.76 
20.20 60.61 I 3.65 260 52.53 157-59 6.75 
Pi s2T 63.64 3-43 265 53554 160.62 0.70 
oe 66.67 Bua2 270 | 54-55 163.65 | 0.68 
23.23 69.70 3.02 275 55-506 | 166.68 0.66 
24.24 Were 2.84 280 56.57 169.71 0.63 
25-25 75-76 2.69 285 57-58 172.74 | 0.62 
26.26 78.79 - 2.51 290 58.59 175-77 0.59 
27.27 81.82 2.36 295 59.60 178.80 0.57 
28.28 84.85 223 300 60.61 181.83 0.56 
29.29 87.88 2.10 315 63.64 190.92 ) O15 
30.30 90.91 1.98 33°" 66.67 200.01 . 0.46 
81.32 93-95 1.87 350 2 7O-7T_ _ 212.13, ore __0-41 ss 


ee 
1ediate values may be determined by interpolation. 


® 


7 ‘ found 1/y for member and b/t for plate component, the allowable stress is the minimum stress corresponding to either //y or b/t 
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For girders with built-up flanges the above value of 
Fy. should be reduced by 5 per cent. 


22750 
(ii) Fy = ——————— K, tons/sq. in. for sections 
(L/rv) (d/t) of uniform thickness. 
37400 


and Fre = ——————— K, tons/sq. in. for sections 
(L/rn x aft) 

built-up of two channels back to back, securely attached 
together, where :— 


1 = the length between effective lateral restraints. 
7» = the radius of gyration of the beam section 
perpendicular to the plane of bending. 
d = the depth of beam in the plane of bending. 
t = the uniform gauge thickness of section. 
KK, = a factor dependent on the ratio given in Table 3. 


Table 3 
Bending stress factors Ky, 
Sections Sections 
uniform thickness back to back 
iy 
Urn L/Vp 
lat /ajt 

Over Io 6.10 I.00 
¥ 8 4.88 1.09 
s 6 3.66 1.15 
4 4 2.44 1.40 
» 3 1.83 1.65 
p 2 22 2°35 
a I 0.61 6.59 
, 0.5 0.31 9.34 


Intermediate values may be determined by linear interpolation. 


ANS 

(ili) Pre = (— tons/sq. in. as in Table 4 to 
b/t 

correspond to the effective plate ratio b/t of the com- 

pressive flange where 0 and ¢ are defined as for struts in 

Clause 2 (ii). 


Table 4 
Compressive stresses in bending for flanges 
Pit a ea ge be. | ee bjt Foe 
stiffened | tons/ stiffened | tons/ stiffened | tons 

edge sq. in. | edge Sq. in. edge sq. ip. 
AOS?) ee =O). LO | 58.24 5.386 93 2.30 
48.00) 9! 48h 034 Mi 60.00, 79 aa 105 1.80 
49.00 8.28 || 63.00 5.01 120 1.38 
50.00 8 7)  7295~ |; 66.00 4.50 | 138 1.04 
51.00 | 7-64 69.00 Atos | 159 -79 
Fla SOMMER 2 leet 1 72. OO 3.83 183 -59 
A008 We Ouo2 75-00 B93) | 216 -43 
55.50) | 6.45 78 .00 | 3-27 255 Asti 
57.00) el Ont2 Sila O4- OO am ll eemoz 300 522 


For b/é unstiffened edge multiply b/¢ stiffened edge by three 
and read corresponding Fp,¢ value. 
Intermediate values may be determined by linear interpolation- 


(c) Bending stress in the web 

The compressive stress in the web should not exceed 
g.10 tons/sq, in. or Fp. selected according to (i) or (ii) 
below, whichever is applicable, to correspond to the 
effective plate ratio d/t of the web, where :— 

d = actual clear depth of the web for “ stiffened ” 
edge plate and three times the actual clear depth 
of the web for “ unstiffened ’’ edge conditions, 

# = thickness of web. 


(i) When the web is symmetrical about the axis of 
bending. 


345 ; 
——— ] tons/sq. in. as in Table 5. 
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Table 5 
Permissible compressive stvesses in bending for webs 


ajt : Be djt Tse alt F lye d/t Figa 
stiff'n’ditons ||stiff’n’ditons __||stiff’n’ditons __ | stiff’n’djtons 
edge :/sq.in.|| edge | /sq.in.|| edge |/sq.in.|| edge |/sq. in. 
47-17 ? 53-50|| 114 9.10 || 142.68) 5.88 213 2 Ois 
50 : 46.24]| T17 6.69 || 147 5.50 228 2.29 
60 : 33.06]| 120 8.27 || 153 5.08 246 1.97 
70 {240 20|| : 123 7.87 || 159 4-71 270 | 1.630% 
80 : 18.60] 126 7.50 || 165 4.37 300 | | T.g2 
90 : I4.69]| 129 7.15 || 174 3.93 360 924 
I0o : IZ.90]] 132 6.83 || 183 3-55 450 -59 
105 PE LOWOON 4-135 6.53 || 192 B23 600 +33 
110 2 O:.04i|  L4r | 5-98 || 201 2.95 750 .21 


F'ne stresses exceeding 9.10 tons/sq. in. in above table to be 
used only in conjunction with web factors K,, Table 6. 

Intermediate values may be determined by linear interpolation. 

(ii) If the web is unsymmetrical about the axis of 
bending, Fy. obtained from Table 5 is to be multiplied 
by a factor K, given in Table 6. 


Table 6 
Bending stress (for web) factors K, 


for/ 
Toe Ky 
it Oa Sa TO 
75 -76 
5 505 
25 .42° 
fo) .326 
=D . 261 
—.50 20S 
hs fo) 184 
—I 7, 


Where fp; = actual maximum tensile stress due to bending 
or due to combined bending and direct loading 
in web. 

In cases where the stress over the web is wholly 
compressive fp, is taken as the numerically 
smaller extreme fibre stress in the web and of 
negative sign. 

fre = actual maximum compressive stress due to 
bending or combined bending and direct loading 
in the web. 

Intermediate values may be determined by linear interpolation. 


Shear Stresses 


4. (a) Simple shear stress. The shear stress in parts 

other than webs should not exceed 
F, = 0.42 fy = 5.88 tons/sq. in. 

(b) Shear stress in webs due to bending. The average 
shear stress Ff’; on the net cross-section of the 
web should not exceed the lesser of the values 
given by (i) and (ii) below for webs without 
stiffeners :— 


(i) F's = 0.42fy = 5.88 tons/sq. in. 
£03 X53 

(ii) Fo aie (— tons/sq. in. as in Table 7 to 
alt 

correspond to the effective plate ratio d/t of the web d 

and ¢ being defined as in Clause 3c 


Table 7 


Permissible Shear Stress in Webs not accompanied by bending 
stress. If bending stresses are present in addition to shear stress 
these figures are to be reduced as stated in Clause 5(c). 


Cy a ade alt F', dlt F's d/t F', 
stiff'n’djtons/ |/stiff’n’djtons/ | stiff’n’d/tons/ 


stifi’n’d:tons/ 
edge : sq.in.|/ edge |sq. in.|| edge |sq.in.|| edge |sq. im. 
A5 Re tS eke | 67.25 | 5.88 £IG)) p22 160 1.04 
50 : 10.63 || 70 5.42 120 1.84 170 .92 
55 1-18: 78 || 80 4-15 130 | 1-57 180 .82 
60 : 7.38 || 90 3.28 140 1.36 190 +74 
65 : 6.29 |/100 2.66 150. | 1.18 200 -66 


F', stresses exceeding 5.88 tons/sq. in. in above table to be 
used only in conjunction with reducing factor, Clause 5c, 
Bending and Shear. 
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 (c) *Web Stiffeners. Bearing stiffeners shall be pro- 


vided at all points of concentrated loads where the value 
of load in tons exceeds : : 


=. ep ea 

(7-5 + 1.6Y ~. | tf, 

\. t 
and at points of supports where the reaction in tons 
exceeds the value : 


(s a oof |) tfy. 


where 6) = length of bearing measured parallel to the 
; web in inches. 
t = thickness of web in inches. 


} ~ Combined Stresses 

5. a. Bending and axial compression. Members 
subject to both axial compression and bending stresses 
shall be so proportioned that the quantity 


a be 


++ — 
: var : Foe 
does not exceed unity, where : 
= the axial compressive stress. 


a 

F, = the permissible compressive stress in axial 
loaded struts (see Table 1). 

foe = the sum of the compressive stresses due to 


bending about both principal axes. 

Fyne = the permissible compressive stress for members 
subject to bending (see Clause 3). For the 
purpose of this clause, the allowances made 
in Clause 3b (ii) Table 3 should not be used 
where excessive flexibility will result. 


b. Bending and axial tension. Members subject to 


both axial tension and bending stresses shall be so 
proportioned that the quantity 


F t Sot 
cose Sot 
h F; Fyt 
does not exceed unity, where : 
ft = the axial tensile stress. 
F; = the permissible axial tensile stress (see Clause I). 
fot = the sum of the tensile stresses due to bending 


about both principal axes. 
_ Fy; = the permissible tensile stress in bending (see 
7 Clause 3a). 
_ ¢. Bending and Shear» When the thickness of the 
web of a beam is less than one forty-fifth of its depth 
(Clause 3c), the permissible shear stress given in Table 7 


Shall be multiplied by the reducing factor (I — K, Vv’). 


m which K, = [(d/t)~ 345]® and fp is the maximum 
co-existent compressive bending stress in tons/sq. in. 
1 the web at the section in question. 


> Bearing Stresst 


_ 6. The permissible bearing stress for thicknesses not 
Tess than 16 gauge on the net area of contact should not 
exceed 

Ps =0.0/, = 11:2 tons. /Sq.in. 


II. Commentary on the 
Proposed Design Specification 


Note :—The clause numbers indicated refer to the 
proposed specification presented in Section I. 


) Tres—Clause 1 


_ Tensile tests carried out on specimens cut from 
both strip steel or coil and finished cold formed sections 


Based on work of Winter and Pian—Cornell Univ. Bulletin 
; No. 35, Part 1, April, 1946. 


| Based on joints, tested in tension, 
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indicate behaviour similar to ordinary mild steel. The 
only departures manifested from steel to B.S.15 are 
the values of the yield stress fy and Young’s Modulus E. 
Minimum values of these quantities have been assessed 
on the basis of the experimental values of 14 tons/sq. in. 
and 11,000 tons/sq. in. respectively. 

In view of the foregoing, the factor of .59 as given 


in B.S.449 : 1948, is used to determine the permissible 
stress in tension, giving Fi= .59 x 14=8 26 tons/sq. in. 
(0) Struts—Clause 2 

Struts may fail either by “ material’’ failure or by 
shape” failure. The first is due to yielding of the 
material. The second is failure at a stress below the 
yield stress of the material, due to instability of 
structural shape. 


‘ 


ce 


Failure due to instability may occur as (i) primary 
failure or (ii) secondary failure. 


Primary failure may be due to flexural instability 
only, referred to in the paper as overall bending, or 
it may be due to flexural-torsional instability, referred 
to as torsion-bending. Primary failure due to torsional 
instability alone is very rarely met with in practice, 
as it obtains only when there is no rotational end- 
restraint on the column. 

The secondary failure relevant to thin walled struts 
is flexural instability of the plate components (flange 
or web), referred to in the paper as plate component 
instability in bending. 

These are the fundamental cases of instability—it 
should be appreciated, however, that any combination 
of these may occur. The basis of efficient and economic 
design is the equality of strength under these various 
possible types of failure, i.e. best design should always 
aim at equal overall column and plate component 
strengths. 

The relevant formule for critical stress corresponding 
to the above modes of failure are :— 

Overall Bending C,E 

Critical Stress fo = 

(/r)? 


where constant C, depends on end conditions. 
Overall Torsion-Bending 


I 7 
=~ (4i+=8Cm). te Wa (2) 


Critical Stress fo = 
where constant Crg depends on section outline and 
the position of the centre of rotation of the 
cross-section. 
For equal angles Eq. (2) can be reduced to :— 


ig om ie ag . Ue ke 
== Cs = 
: 3 I— o? ~+——— | i): 63 
q- \3 


where constant C; depends on end conditions. 
Plate Component Critical 


Cap t\ 2 
Stress in bending fe = ————— [-].. . Eg. (4) 
(1 — so?) b 
where constant C, depends on edge conditions. 


Eq. (r) 


(i) Consideration of Torsion-Bending Failure 


Any strut form whose critical weakness is its torsional 
strength, e.g. wide thin angle sections, will fail by pure 
twisting if compressed by an axial compressive load— 
assuming the ends free to rotate relative to each other. 

In such cases the sections rotate about the so-called 
“ shear centre,’ which is the point in a section at which 
loads applied, as in beam action, cause no twisting. 


at 
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The critical stress fe (for the theoretical case having 
free ends) is given by 
I 
fo == ——SOGI. 
Ip 
If, however, as in a practical case, the ends are 
restrained rotationally, relative to each other, any 
twist of the column causes longitudinal bending stresses 
to arise in the flanges, tending to stiffen the column and 
so increase fe to the value in Eq. (2) 


I ™ 
1g —(a+- ) 
sh 


The value of the Lee constant Crp 
depends exclusively on the assumed centre of rotation 
of the cross section, which is no longer the shear centre. 
The appreciable difference in f. resulting from different 
assumed positions of this centre of rotation is shown 
in Fig. 1. 


s; eat 
3 unstiffened edge. 


Fig. 1.—Effect of the position of the centre of rotation 
on the torsion bending critical stress /, 


This figure compares the torsion-bending critical 
stress fe, Eq. (2), of a channel of the proportions shown, 
with the bending critical stress fe, Eq. (4), of the flange 
plate component. It is seen that, when the centre of 
rotation coincides with the shear centre, the channel 
will fail by torsion bending. On the other hand, assuming 
the centre of rotation inside the web as shown, the 
torsion-bending strength increases to approximately 
double the flexural plate component strength. Thus 
it is seen that the location of the centre of rotation is 
a vitally important matter. The experimental work 
carried out** indicates that rotational end restraint 
very much less than that at present in actual structures 
is sufficient to prevent the development of torsional 
instability in sections, other than angles. For the 
present, therefore, it is proposed to disregard torsion 
when dealing with overall stability, and base the 
design procedure on bending actions only. 


(1) Consideration of Failure of Struts in Bending 

Referring to Clause 2 of the specification, Table 1 
has been drawn up on the basis of equal overall and 
plate component strength. Equating Eq. (1) for hinged 
ends to Eq. (4) for stiffened or unstiffened edge con- 
ditions, the follewing relations result :— 
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b 

—= .606— .stiffened edge | 

t iA : 
Eq. (5) 

b L 

— = .202 — .unstiffened edge 


t Y : 4 

These are used to obtain the values in the two bjt 
columns of Table 1 corresponding to any given values 
of the slenderness ratio ranging from 0 to 350. 

The permissible average compressive stress Fa show 
in the last column is obtained from the Perry-Robertson 
(rt and 1g) formula, as given in Appendix C of 
B.S.449: 1948, using a yield stress of 14 tons/sq. in., 
and FE of 11,000 tons/sq. in. (Fig. 2). 


0:59f/= a 


Fa - {peo fe fie DEE ge bee 


for values of y. in excess of 80. 


Fig. 2.—Formula from which values shown in Table 1 
have been derived 


Thus, reading across any line in Table 1 gives the 
slenderness ratio and corresponding plate component 
ratios for equal overall and component strength, together 
with the allowable stress in axial compression. 

The table may also be used if no such correspondence 
exists between //r and )b/t, the permissible working 
stress being taken as the smaller of the stresses corres- 
ponding to the //r or b/t ratios respectively. (See 
examples in Appendix). 

For angles, the torsion bending strength, being the 
critical weakness, must as a rule be used for the design 
basis. 

For equal angles of slenderness ratio greater than 
about 15, Eq. (3) reduces to : 


I 2 
2 (I — s) b 


(assuming the sections to rotate about the heel) 


as the term representing the influence of flexure and 
that of end conditions becomes negligible. 


Thus for Poisson’s Ratio « = .3 
z 4 
0.385 E (- 
b 


the critical stress st 
fe 
t 2 
0.403 E () 
5 


in torsional stability 
when considered as plate components with simply 
supported and free edge conditions. 

It would, therefore, appear that equal angles will 
fail due to torsional instability rather than due to. 
plate component failure. The closeness of the critical 
stress values, however, do not justify differentiation 
from the point of view of design, particularly as a 
small decrease in the values of Poisson’s Ratio will be 
sufficient to make the two values equal. For design, 


I 


while the 
flexural strength } 
fe 


I 


of the legs 
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therefore, it is recommended that Table r should be 
used, with the b/t values corresponding to simply 
supported and free edges. 

- Unequal angles are under consideration, but no 
information is offered at present. Their behaviour, 
although failing in torsion-bending, is different from 
equal angles due to the different position of the centre 
of rotation. 

_ The values given in Table 2 are based on extensive 
experiments carried out, and represent the results of 
some 200 tests?*. The practical equivalent to the 
type of édge conditions described is shown in Fig. 3. 


unstiffened 


b ee 3 " 
mr. 6 


Fig. 3.—Practical edge conditions 


_ It should be noted that the stress values given under 
F, in Table 1 have been calculated for the optimum 
conditions of overall and plate component collapse. 
Experimentally, it has been shown — Moir and Kenedi"’ 
— that the edge conditions of the plate components 
under these (optimum) conditions correspond to simply 
supported edges. 

When, however, there is no tendency to overall 
collapse, the plate components appear to receive 
increased support along their edges ; thereby increasing 
the value of their critical stress. Jn such cases an 
increase in the value of F's is permissible — refer to Fig. 4. 


oie 
pa ~ fatto te [OE gy} 2 
where 9 = 0025 & 


fale) 


where C, = ; 


3 
2 
t 1 
¥ ° 10 20 : 30 40 50 60 70 
t ah stiffe ; 
‘ pun tiffened edge 
9 


Fig. 4.Increase in permissible average compressive 
_ Stress F, when plate component strength is the limiting 
. factor. |/, not greater than about 85. 


This figure shows the increase in plate strength | 


‘obtained for struts of slenderness ratio not more than 
‘about 85. As this matter is still being investigated, 
te results and corresponding increase of Fa values 
will be presented at a later date. 


(0) BEams—Clause 3 

The types of failure which may occur in a beam section 
which is prevented from developing a_ progressive 
wisting action under normal loading (but which is 
ree to buckle laterally) may be as follows :— 

(i) Due to material failure. 

(ii) Torsion-bending failure due to lateral instability. 
(iii) Instability of the compression flange in bending. 
_ (iv) Instability of the web in bending. 

_ Failure due to instability in shear and under combined 
stressing effects are treated separately in their appro- 
ate sections later. 

e relevant formule for critical stress corresponding 
he modes of failure described under (ii) to (iv) are 
llows :— 


Let 


Lateral torsion-bending strength under pure moment : 
md BC 
fe=—A/ - 
2 Ixx L 
Flexural or bending strength of plate component 
(web or flange) : 


Cot jae 
foes ( ) Sie banks. sce sa? ae teal 
(I — so?) b 


where constant C, depends on edge conditions. 


(i) Material Failure 


Clauses 3a and 3b(i) have been obtained as in 
B.S.449 : 1948, using the value of .65 times the yield 
stress, giving 

Foe =F =-.65 X 14 = Q.10 tons/sq. in. 


. Eq. (6) 


(i) Failure due to Lateral Instability 


Equation (6) may be reduced to the form given in 
Clause 3b(11) by substituting B = E Iyy ; C = G x 1/3 st® 
(where s is circumference) and _ noting that 
depth of section 


is approximately 2.65 for a very wide 
Vxx 
range of these walled sections. 
This yields 
45,500 
tes K, tons/sq. in. 


, ) ( ) 
( Yn t 
and using a load factor of 2 on the permissible maximum 


compressive stress in the flange becomes 
22,750 


(.) ©) 


The value of A, given in Table 3 depends on the ratio 
of l/r» + d/t and represents the strengthening effect 
of flange bending when the ends of the beam are 
prevented from rotating relative to each other. This 
effect is exactly analogous to that described in the 
torsion-bending failure of columns. 

It is to be noted that Eq. (7) applies only to sections 
of uniform thickness. In cold rolled sections, thickness 
variation is usually encountered only in composite 
sections such as two channels back to back. The 
permissible working stress for double channel sections is 
of the same form as Eq. (7), the numerical constant, 
however, changing from 22,750 to 37,400. It is 
emphasised that this latter value is only applicable if 
the two channels are so connected that they truly 
strain together. 


Fy => 


i, tons/sq? in. = 3. Hak (7) 


(iii) Instability of the Compression Flange in Bending 

Clause 3b(ii) gives the permissible compressive 
stress values in bending for beam flanges. These are 
based on the critical stress form of Eq. (4) : 


C,E t\ 2 
. ear () 
(1 —o?) \b 


It should noteb de that this gives the critical stress 
for plate component action under wumniform flange 
bending stress. 

Incorporating a load factor of 2 and taking C; as 3.3, 
i.e. corresponding to stiffened edges, the formula 


se \ 2 

Fre = (— FORS/SC: Ws Vinee) et.) 18) 
ot) 

is obtained. The values presented in Table 4 have been 

calculated from this formula. 
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(iv) Instability of the Web in Bending (Clause 3c) 

The behaviour of webs of beams introduces the 
problem of a plate component under a varying longitu- 
dinal stress due to bending. The stress distribution 
under pure bending is the well-known triangular 
variation, the compressive stress being equal to the 
tensile stress if the web is symmetrical about the neutral 
axis. For such a case the formula giving the critical 
stress is as given by Eq. (4), the constant C, being 19.606. 
Incorporating a load factor of 2 as before, the value 


345\ * 

Bg = (=) tons/sq.. ani 22 y+. sg sate) 
d/t 

is obtained. Corresponding values are given in Table 5. 

It should be noted that this table is extended beyond 
g.10 tons/sq. in. The values exceeding this amount are 
only of significance when used in conjunction with the 
web factor K, as explained hereafter. 

It was stated that Eq. (9) applies only when the 
longitudinal compressive and tensile bending stresses 
are equal in magnitude. If the web is unsymmetrical 
about the neutral axis, i.e. the actual tensile stress due 
to bending, /»t differs from the actual compressive stress 
due to bending fre, the values given by Eq. (g) are to be 
multiplied by the web factor K, given in Table 6 for 

fot 
different ratios of —. 
foe 

These values: have been derived from the theory 
given by Timoshenko**. It should be realised that this 
also covers the case of combined bending and direct 
stressing in a web, as the only effect of such combination 
on the web is to alter the ratio fot to fre. The negative 
sign in Table 6 is an artifice to allow for the case when 
the bending stress in the web is compressive over the 
whole depth. In such a case, fnt is taken as the smaller 
of the compressive extreme fibre stresses and negative 
in sign. 

If fot is greater than fne, i.e. fot/foe is greater than I, 
the stresses given in Table 5 could be increased — 
theoretically speaking — this increase, however, is not 
thought practicable. 


(d) SHEAR STRESSES—Clause 4 


The modes of collapse under shearing action may be 
due, as before, to material or instability failure. In 
addition, the crushing action of concentrated load on 
beam webs is considered in this section. 


(i) Material Failure in Shear 

In conforming to the method of approach of the 
previous sections, pure shearing action is taken as the 
factored yield stress indicated in Clause 4a. Fs = .42fy 
= 5.88 tons/sq. in., the factor being as indicated in 
B.S.449: 1948. 
(ii) Instability of the Web Component in Shear 

Clause 4b, dealing with the shear stress in webs, 
differentiates between material failure (Clause 4b(i)), 
and failure due to plate instability (Clause 4b(ii)). 
The characteristic stress expression for failure due to 
plate instability is the form given in Eq. (4), the 
constant C, however being 4.4 and, when a load factor 
of 2 is incorporated as before, the expression becomes 
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(= ) tons/sq. in. 
ajt 


Corresponding values are given in Table 7. 

It should be noted that the values stated can only be 
applied when the bending stresses in the web are 
negligible by comparison, e.g. at the regions such as 
the supports of a simply supported beam. 


. Gg. (20) 


2 
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(ii) Crushing 


One form of failure peculiar to thin webs is local 
crushing at the point of application of a concentrated 
load. This aspect is being investigated, but results 
are not yet available on a sufficiently wide range for 
definite recommendations to be made. 

It is suggested, meantime,:that the empirical formule 
for Pe, the concentrated load causing crushing failure 
as given by Winter®? be used, vz :— 


bp 
Pes (:s + 3.25 V-) t? fy tons 
t 


for intermediate concentrated loads, 


and bp 
P. = (« + 1.25 Ve t? fy tons 
t 


for end reactions. 

Using a load factor of 2, these reduce to the forms 
given in the specification. 

If the actual loads exceed these permissible values 
for any given bearing length, it is recommended that 
bearing stiffeners be introduced at the points of action 
of these loads. 


(e) COMBINED STRESSES—Clause 5 
(1) Combined Bending and Axial Stresses 


Clauses 5a and 5b give the combination of bending 
with axial compression and bending with axial tension 
respectively. The connection proposed by the B.S.449: 
1948, has been investigated in respect of thin walled 
sections and found to be satisfactory. Consequently, it 
is proposed that the same form be used for thin walled 
sections. 


(11) Combined Bending and Shear—Clause 5c 


The relationship proposed to design between the 
fractional shear stress f;/F1; and the fractional bending 
stress i ‘F*,. for combined bending and shear is 


Sa +V(-)- - aw. oo 


A pee between the curve in Eq. (11) and the 
theoretical relationship by Timoshenko?* is shown in 


Fig. 5. 


Fig. 5.Comparison between theoretical and pro- 
posed combined shear and bending py 


ts 5 fs 
Note : For | read 4 ——_ a 
Ets F' ve Be Fge 


Substituting for F'ne in a: 


345 
the value F'ne = tons/sq. in. obtained in — 
Eq. (9 
fs | 


— can be expressed as 
Fi, 
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fe el, the mechanism of failure for bolted joints in tension, 

= 1— K? ae Meee ss eG. (12) for plate thicknesses above 16 gauge, is in no way 

Fi, different from the usual conception. Consequently, 

where K, = “). E 345 ‘j the use of the factored yield stress as given by B.S.449 
is fully permissible and safe :— 


When the thickness of the web is less than one forty- aoe 

fifth of its depth, the term K, //fpy* is greater than .o1, ie. Fy = 0.8 fy = 11.2 tons/sq. in. 
and the consequent reduction in fs/Fts should be allowed 
for. This is effected by multiplying the permissible 
shear stress in Table 7 by the reducing factor 


If, however, the plate thickness is below 16 gauge, 
secondary buckling effects arise, and ultimate carrying 
capacity is difficult to predict. Research is at present 


(2 — Ka vfr’). proceeding on this matter. Meantime, it is suggested 

(f) BEARING STRESS—Clause 6 that bolted joints should not be used with plate thick- 
‘Experimental investigation has established that nesses below 16 gauge. 

z= IlI.—Cold Formed Section Design 


PRACTICE AND ECONOMY ILLUSTRATED BY DESIGN EXAMPLES 


i Design Examples 


(a) Four-Way Stacking Pallet Sides are removable to facilitate loading from the 
_ The steel pallet 4 feet square shown in Fig. 6 is inside of a railway wagon. Pallets have a carrying 
transported and stacked by means of forked lift trucks. capacity of 2 tons each and are to be stacked five high. 
P J 
_ The following tables give a stress analysis of the main components. 

POSTS 
Overall Column | Plate Component | End Bearing 
| | | q 

. Area oad ai = ifs | ane bjt | Fa ae Ne tes 
: Section | 
$ : sq. in. tons _tons/sq.in.| tons/sq.in.| web | tons/sq.in. |tons/sq.in.|tons/sq.in. 

‘ | i 

inc. shock! | ae Ef. .4.8q.” 
ere x2" x3" xX 142 .501 295) 1590. | 7.43 25 6.35, alee Os 6.35 = 
= SLATS 
7 | 3 | | e min. | | : be ; 
| Load B. M if 2) Fic | +t i) | pal. Bh en ee eee 
Section | | | a | 

5 ; tons, ft. tons | top fig. |toms/sq.in. Reqd. | Given tons/sq.1 in. | 'tons/ /sq.in. tons/sq.in. 
4 | | | Table 4 | | | | Table 7 | 
Mer © Xi" x4" x 16, | .33 dist. .044 94 Ural 23 270, Pen Oe SL Ome at 5 OO amIE SLO LO 
a. 


The importance of palletisation will be, perhaps, better understood if it is realised that as much as 45 per cent. of the cost of 
certain materials is spent on handling. 


(b) 35 ft. 0 in. Span Roof Truss consists of large corrugated asbestos cement sheets 
The roof truss shown in Fig. 7 has a pitch of one- fifth and the roof is designed for a wind load corresponding 
and is placed at 12 ft. 6 in. centres. The roof covering to 75 m.p.h. at 20 ft. (13.9 lbs./sq. ft.)—B.S.449 ; 1948. 


The following tables give a stress analysis of selected members and weight comparison. 


_ RAFTER 


ongl. main tie bracing . 


Overall Column Plate Component 
| Area Load | Ts . | 
Section | | | l/r By Taal bjt | Bass 
| sq. in tons | tons/sq. in. | | tons/sq. in. | web | tons/sq. in. 
; bee 1D, % 22" x 3" x 124 | 684 | 9) | Oey) ) 47 | 6.11 | 21.6 6-62 
MAIN-TIE 
| Area | Load ne weg es oe Fy 
| | tons | | 7 a | 
| sq. in. | Tension | Compn. ne in. . tons/sq. in. ee an. jtons/sq.in.| tons/sq.in. 
% ae lL: 306 ress . 63 be 8.26 75. |}. 140 2.23 25 | 6.35 
| a Me ae : is | Re So 
| | | allowance | oe 
Comparison of Weights (both based on welded construction) 
Hot rolled ie Cold formed Saving in 
construction sections weight 
| 500 | 14 54% 
ns (12 ft. 6 in. ba 745 aie 49 7 
( y)-o | 100 | 46 54% 


1,345 Ib. 657 Ib. 51% 


= _—-——_—— - ee —— 


_—_= 


e 
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FOUR-WAY STACKING PALLET. 


¥ 
' 
; 


POST. 


| 
———————————————— LLCHANNEL SLOT. 


WELDED SIDE 
$xi46.0 


2x2x 


FRONT ELEVATION. SIDE VIEW. 


SLOTS 6x1x Ex 16G. ca 


ae ne as ake rages Cmte a a 
= 

5 Cate 

NOTCH. 24x 17x 146.0 


33x 2x1x146. 07 


SECTION A-A. SECTION B-B. ENLARGED DETAILS. 


NOTES:- 

ENDS OF ALL BARS TO BE CUT DEAD SQUARE 
AND CAREFULLY LOCATED BEFORE WELDING. 
RUST—PROOFED:- ONE COAT PRIMER STOVED ON 
OR AS OTHERWISE REQUESTED. 


i 


il 


i 


BTM. FLG. 
NOTCHED. 


l 


ADVANTAGES :— 

FOUR WAY ENTRY. REMOVABLE 

SIDES WHICH FIT INTO ANY POSITION. 
LIGHT EASILY HANOLED CONSTRUCTION. 
LARGE BEARING AREA. 

RIGID CONSTRUCTION. ELECTRIC ARC WELDED. 


| 


l 


| 


I 


| 


| 


l 


SECTIONAL PLAN. 


Fig. 6.—Four-way stacking pallet 
STANDARD 35 ft. ROOF TRUSS 


SPAN 35-O° CRS. OF BEARINGS. 
CENTRES 12-6 MAX, AS DRAWN. 


» TRUSSES AT INCREASED CENTRES CAN BE DESIGNED TO CLIENTS REQUIREMENTS 


PURLINS 10-O CENTRES OF TRUSSES 3$* 23 %14G CWITH I'x10G, SAG FLAT 
12-6 DO 4° *24%3*14G 0 Do., 
* 15-0 DO 5x23 x14G£ DO, 
LONG! cTiEs 10-6 DO Oehx 4c 
12-6 DO J ed» 4GE 
1S-O po 32.2% 46L 


ROOF COVERING. LARGE CORR. ASBESTOS CEMENT SHEETS; 
GAL? CORR. STEEL OR RPM SHEETS 


DESIGNED TO BS. 449: 1948. WIND 75 MPH, AT 20FT. 
FABRICATION ELECTRIC ARC WELDED IN HALVES AS SHOWN 
WEIGHT OF TRUSS. — ——————230 LBS. 


-s 3 

Lee , : 2 ig« 8% FISHPLATE 

she tdsRia gd ign 

32s esi Laas eee 7. ATRUOINTS: 

HOLES. ee cate =. 
PURLIN CLEATS & 

FISHPLATES. 


a 3 


TERSECTIONS 


___7:0 IN 


F RISE. 


Es 


- ee 
2G. PLS j SLOPE ___HoRIzt 2batb BL x12 
{ wal as ee) Fe are 
b.2-2hacn 4 'RISE. is 
| fe _SPAN_ 35'0" CRS. OF BEARINGS 
| ob-dsef BEARING PL 
ES 2/4b «12 9B LS x 2 7 BORE TUBES (WELOED) 
2 PLS. 4*10G«I-I" 3 BOLTS 
zpussnoe 
i HOLES. 
i 
w " 
ALL HOLES 1 DIA FOR 8 BOLTS UNLESS OTHERWISE 
Fig. 7.35 ft. span roof truss STATED. RUST-PROOFING COAT. : 4 


il 


De 1957 


4 


“It is seen that a saving in weight of approximately’ 


51 per cent. has been effected, being equivalent to a 
reduction of steel weight per square foot (of floor area) 
from 3.1 Ib./sq. ft. for hot rolled construction (a 
purposely selected /ow value), to 1.5 Ib./sq. ft. for 
cold formed. In point of fact, savings in weight for 
roof trusses may be over 60 per cent. when the com- 
parison is made with ordinary hot rolled bolted 
construction. 


The cost of cold formed structures is in no case more 
than the: corresponding hot rolled, and is considerably 
cheaper, where repetition work is involved. Additional 
savings in transport and erection should also be noted. 


(c) “ Cor-TEnN”’ HicH TENSILE STEEL FLoor BEAmMs 
AND STANCHIONS 


The design shown in Fig. 8 was evolved to save steel 
in office block construction where large quantities were 
proposed. 


s 
The comparison of weights is as follows : 


Hot rolled |Cold formed Saving 
construction | construction | in weight 
Beams or lattice 
Seders. ... Be 1,197 552 54% 
Stanchions ... sei 308 160 48% 
Tee beams ... aa 154 57 63% 
| 1,659 769 54% 
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In this case there was no difference in cost. 


When applied to light roof construction for schools, 
this type of lattice girder shows up favourably. 


_ Girders to span 24 ft. at 8 ft. 3 in. crs. to carry 
62 Ib./sq. ft. 


Type of roof beam B | Weight per unit 


R.S. joist, ro ft. x 4$in. x 25 Ib.* 

“ Proprietary Brand ’’ bar joist ; 
Lattice girder in C.F,S. sections (M.S.) ce 
(Cor-Ten) ... 


600 lb, approx. 
360 lb. as 
300 Ib. . 
210 lb. Br 


” ” ” ” ” 


*This section on light side on account of deflection. 


Savings in cost also could be effected, when applied to 
the more or less standard components at present under 
consideration for modern schools. 


(d) Barrery ELectric VEHICLE—CHASSIS 


The chassis frame designed in Cor-Ten (high tensile 
corrosion-resisting steel) for a 2-ton battery electric 
vehicle is shown in Fig. 9. 


Cold formed sections have, for many years, been used 
as one of the basic structural materials in automobile 
construction, and have now been tested and accepted 
by long records of service. In addition to their high 
structural efficiency, under all types of static and 
dynamic loading, the “pay load’ of commercial 
vehicles may be increased appreciably, due to the 
savings in structural weight effected by this form of 
construction. 


COLD FORMED COR-TEN HIGH TENSILE STEEL FLOOR BEAMS & STANCHIONS. 


SYMMETRICAL ABOUT 


¢ PAC ey Pang 
la FLAT x 3-O LONG | 14 ~ 14 FLAT x_ 


6-4" LONG. _ 14d FLAT x 3-0" LONG. 


CONT. INTERMITTENT CONT. 
WELD. ~ 3°GAP 


6-3" 
JINTERMITTENT WELD.—3°GAP 


Ze eo) 
CONT. SINTERMITTENT CONT. 
WELD.-3;GAP 


PLAN ON TOP BOOM 


Py << DIA.OPEN HOLES IN BOOM— FOR WELDING 

-& 4 4 

s - Fe SSS rier 

t Sea sot ae: 9° 9" galsal 

; PLAN ON_U/SID TOP BOOM 

a) 2-END 

é ; PLATES 

$ cers Bei i2 Gs 
1b «12 «106 _CHANS. 3 ‘The 


2 CHANS. 
tad x | 


+14 
CHAN. 


2, CHANSY 
2814. 


66:46:66. 


eS. FLAT x 9-6 LONG 


»1-O BEARING PLATE: 


BOTTOM BOOM 6%« 15 CHAN. iE 
SEE DETAIL. 


‘TERIAL IN e - 
PLATE 64» cap 
T PLATES eke! 


ES 22x 22x46. 


i 
STANCHION COMPOS ED OF 


i 2 CHANS, 7» 2an2» 1oG 


GENERAL NOTES:- 


BEAMS & STANCHIONS: ALL WELDED CONSTRUCTION. 
OPEN HOLES FOR BOLTS, FOR SITE CONNECTIONS SHOWN 
THUS =m 

MATERIAL ‘= “CORTEN STEEL’ (HIGH TENSILE CORROSION 
RESISTING) 


2 BACK TO BACK. & 
ale 6i&+6" BATTEN PLATES, 


TERIAL IN ae > 
PLATE 43 
Gusset putes ¢.4 fon 2" | 


IGLES 2b. 220 ¢+1-2° 


IND FLOOR LEVEL i 


GRO 


DETAIL OF TOP _& BOTTOM 
| i BOOM SECTION 


THE MAIN BEAM SHOWN ON THIS DRAWING IS THE 
SUBJECT OF A PATENT APPLICATION. 


DESIGN FLOOR LOADS. 
SUPERIMPOSED — 5O LBS./ FT? 
PARTITIONS — 25 Do. 
DEAD - 50 Do. 
TOTAL — 125 LBS/ FT? 


Fig. 8.—‘‘ Cor-Ten’’ high tensile steel floor beams and stanchions 
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2-ton battery electric vehicle—‘‘ Cor-Ten’’ high tensile steel frame 
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SIDE ELEVATION 
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Summary 


The subject matter presented forms, in effect, a 
survey of present-day knowledge. Care has been taken 
that the proposed design specification in lay-out and 
approach should follow the accustomed forms, and 
thereby ensure that designers experienced in the 
design of hot rolled constructions will have no difficulty 
in using it. 


Cold ‘formed sections in structural practice have 
provedSthemselves in several spheres as being most 
efficient and economical, either used alone or in con- 
junction with hot rolled structural shapes. This subject 


BATTERY 


PLAN SHOWING CHASSIS 


9.—Battery electric vehicle—chassis 


It is hoped that the paper will stimulate free and 
full discussion of this vitally important development, 
and presently lead to a very much needed Standard 
Specification. 
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Appendix 
Design Examples illustrating Application of Specification. 
Less 
Area Sq. ins | | Permissible 
Section Hee By » Axial 
ibss. a Gross Nett tons/sq. in. ) Load t 
1, Fl 21.D.x2}x#xi14g! 1.990 594 less 2 9/16 holes | .504 | 8.26 i | 4.16ton 
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Overall Column Unstiffened Edge 


| 


Stiffened Edge 


| 


| | 
Permissible 
Section Witt. Area | [jr hci Per ates 2) F, bjt Es | Axial 
a. lbs. sq. ins. | tons/sq. in, flange tons/sq. in. web tons/sq. in| Load 
ye ie ek ie, saber’ 
Bere & 3X12 x 142 | 1.686 Meese rss 2 ee 38 | 5.40 1.94 tons 
Maximum Permissible Stress : smallest of these equal to 3.88 
ety. Rin RS 95 | 3.88 19 iea88e | 56 [| 4.00 | 2.25 ton 
ie Eopyne all 58 | 95 ie '3.BSe | ick = joao oa Go sec 30° Payee tons 
aoe ; 
This section would fail with collapse of web 
my 2° 1D. x 28” x 3” x) | ] | % | = l Nl 7 
gee ovemlivw.s4o. | 28 6.98 ce | 313 | 5-80 | 3.24 tons 
_[ | Has splendid structural properties as a strut 
_ Equal Angle Struts ‘ 
i a | | | Ca i [: | ‘Permissible 
'? Section W/ft. faeces: ] | v | llr | Pa | bjt tee Axial 
4 | edie. | sq. ins | ins. | ‘ins | tons/sq. in. tons/sq. i n.| Lead 
6. Best" x 1" x 10g i 4) 2960 224 - | 28 | te ee 145 ered 8 | 6.44 | .47 tons 
ys Column Failure 
7. eee te" X13" X 148 (7a lee 250... | 28 Nc 2045 95 {| _ 3.88 r8¢. | 4.01 | .89 tons. 
7 Approx. Equal Strength Section 
4 Beams. 
Span Load Lateral | b/t Five | bit Fe | Z | Z 
: Section feet tons Supports! flange | tons/sq.in. web tons/sq.in. Reqd. Given 
et feet | | | ins. | ins. 
: ¥ | ; | | | Table 4 | Table 5 | | 
Sein 7 X32 X¥" x 14¢> | 12 Tio! Wi bomen aa 41 iby fone 874 enor 1.98 2.49 
7 Shear checked Table 7 and Cl. 5. F’s = 3.25 tons/sq. in. at} pt. Defln. within 1/325. 
4 i | Span |' Lead Lateral ~ Clause 3piz bea Z iz. 
“2 . Section | feet | tons | Supports | Frye hall bit | tons/sq.in. Reqd. Given 
. | feet | tons/sq.in.| flange | ins.3 ins.? 
al 7” Xk" X14¢ | | | Ae, = 3 el kgs) ag | 
oO back to back ][ |) 12 __ 10 4 Ve SO ini | 56.3 6.28 | 2.87 | 2.82 
> ? . 
a Maximum permissible stress due 1}” flange. 
4 : 2, RET AT 4 | | | 15.66 | | 
Io back to back ][ I2 5) 4 Ke —=2, 20 7.43 FAG ASOME TN) uae Yeo) ics Se) BU 
aS By adopting 1}” flange permissible stress increased. 
Shear in web. 
= : Span Load Reaction eee Web) ia . ar 
Bet Section | feet | tons tons jt ltons/sq. ft: Area tons/sq. ft. | 
call | | sq. ins. | 
a ee ee eee | —4' 
tr [6"x2k"xRx16, | 4 | godist.! 1.0 | 93°8 Rey a eee, eee ee te pe: 
| Crushing at Reaction and Concentrated Load. 
: Load b 1 Max. Permissible Reaction a 
Section | tons | ins. | ins. or Concentrated Load me, /v 
: Top Beam A . | ‘ % Max. Permissible Als 
us dad ie (22 : 
Bios X24" x 8" X 14, | | Reaction at A = .733 ton 
Beotion- Boom B | | : Max. Permissible B 
126 2 xe) 
wee Con, Load at B= 1.47 tons 


Metered Pies te bon. 
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Appendix—continued 


Combined bending and axial compression. 


“he 


The Structural Engineer 


Load Area BM ZH Fy ) ihe Foe | foe 
Section tons sq.ins. | ins. tons |Comp. Flg. Ur min. — tons/sq. in. |tons/sq. in. | tons/sq. i 
tons/sq. in. | 
T4) ighixd IDX 374) Xiz6)) 3045 | .840 | 1.8 | 661 | 50 | 5.97 | Airt | g.1 
fa foe’ ; 
— + <owe Wnty, 
Fa be 
Combined bending and shear. ¥ 
Fixed = - 
Span Load | Lux K, ie V fo? ies F’, x Reducing 
Section Laterally| tons Given alt tons/sq.in. Factor 
Supported | ins? tons/sq. in. : 
15). (ee ee IAG | 8 2.0 dist.| 2.175 | eosh | ga02 | 7.306 | 146.7 | 1.59 2.86 x .7066—1.87 * 
: : * 
Bearing—Tension Joint. - 
_ Bearing Values on Black Bolts ‘ 
Load Diameter as B.S. 449: 1948 Number of 
Section tons of Black Bolts 
Black Bolts 14g (.08") | EO yi(= 1250) Required 
7 
EOWA 2 [tes inex te ol 2.0 Be 2xX.4 = .8 624 say 4 ‘ 
with central 10, gusset af 
qv 
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J The Annual Dinner of the Institution of Structural 
Engineers was held at the Dorchester Hotel, London, 
W., on March 28th, 1951. The President, Mr. J. E. 
Swindlehurst, O.B.E., M.A., M.I.C.E., was in the Chair. 


The loyal toasts having been honoured, 


_ The Rt. Hon. THE Ear, MouNnTBATTEN OF Burma, 
See -c., G.C.5.1., G.C.LE., G.C.V.0., D.S.O., pro- 
posed the toast of the Institution, and voiced his sense 
of great honour and privilege in so doing. It was 
always slightly embarrassing on such occasions, he said, 
to decide what to say. There being so many members 
present who knew more than he did about the Institu- 
tion, it might appear rather ridiculous that he should 
give them particulars of their organisation. On the 
other hand, there were so many guests present who 
knew probably less about it than he did, so that it 
might not be out of place to spend a few minutes review- 
ing the position of the Institution. 


_ Recalling that it was founded in 1908, he said that 
after attaining its Silver Jubilee it received a Royal 
Charter, and thus joined the great Chartered bodies in 
this country. Its membership had increased steadily 
and healthily, and this year it had achieved the record 
figure of nearly 6,000. There were nine Branches in the 
United Kingdom and there were representatives of the 
Institution in every part of the Commonwealth. Each 
a some 600 candidates were examined in the United 
Kingdom, and in up to 35 centres overseas. 


_ Those facts were sufficient to indicate the important 
position the Institution held. In the 43 years of its 
existence its advance had coincided with the advances 
that had taken place scientifically and industrially, and 
it was to a large extent because of those advances that 
the Institution had prospered. It could not have 
achieved its national stature, however, without extremely 
able guidance from its officers, and in particular, he had 
no doubt, from its present President. 


_ Commenting that he had no technical qualifications to 
talk about structural engineers, Earl Mountbatten said 
the only connection he had had with them was in 
Combined Operations during the war. During most of 
the first two years of the war he was at sea in a destroyer 


flotilla, and after most of the ships had been sunk or - 


damaged he had taken command of the aircraft carrier 
H.M.S. Illustrious, in America. But before her refit 
Was completed he was called back by telegram, and was 
told to report to the Minister of Defence, Mr. Winston 
Churchill, now an Honorary Member of the Institution. 


_ That was in October, 1941. Recalling the situation 
that had prevailed at that time, nine and a half years ago, 
he said that all our Allies had been overrun by the 
Germans, and their territories were in enemy hands, 
ept Russia, who had become our Ally only just 
ore, and she was in process of being rapidly over- 
‘by the Germans. At that time America had not 
come into the war, nor did there seem the slightest 
lihood of her coming into it. It was then that that 
narkable war leader, Mr. Winston Churchill, in giving 
d Mountbatten his instructions for his new post, had 

a statement which was sufficiently remarkable to 
peated ; and so far as he knew, it had not previously 

made public. Earl Mountbatten was told that he 
s to relieve Admiral of the Fleet Lord Keyes ; and 
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he remarked, “That was quite awkward, because 
Admiral Keyes had been Commander-in-Chief of the 
Mediterranean Fleet when I was a two-striper on his 
staff, but the Admiral was most kind and helpful.” 
Mr. Churchill had added: ‘‘I want you to take over 
Combined Operations, to carry out raids with Com- 
mandos on the enemy-held coasts. But your primary 
job is to prepare for the invasion of the Continent, 
because it is time we thought about taking the offensive.” 


There could hardly have been a moment in our 
history when it looked less likely that we should be able 
to turn to the offensive than in October, 1941 ; and it 
was a measure of Mr. Churchill’s greatness that that 
was the moment he had chosen to turn his mind to the 
offensive. 


The preparation for the offensive was a gigantic task. 
The technique of an assault on an enemy-held coast 
had yet to be devised, because there had been no cases 
of really successful assaults in recent history. Arrange- 
ments had also to be made for the follow-up of troops 
when the assault had taken place, so that our build-up 
would be quicker than that of the enemy, and for our 
supplies to be continued across the beaches until a port 
was, captured. 


For the purpose of breaching a strongly defended 
coast quite obviously air power was essential. The 
tendency was naturally to stress the advantage from 
that point of view of an attack on the Pas de Calais, 
because we could then bring our fighters easily to bear ; 
indeed, it was so obvious that the Germans had come 
to the same conclusion and had defended that part of 
the coast so strongly that an attack there would have 
been quite unprofitable. 


The part of the coast which was completely undefended 
was the Atlantic coast, in the Bay of Biscay. Earl 
Mountbatten said his mind had turned to the possibility 
of an assault landing where there would be no opposition ; 
but we must have air cover continuously on a very large 
scale, and aircraft carriers could not have provided it, 
because it was precisely in the Bay of Biscay that enemy 
submarines could operate in the greatest numbers, and 
they could have sunk or damaged all the aircraft carriers ; 
so we could not have sustained the invasion long enough 
to be able to build up. 


We wanted an island near the coast of France, in the 
Atlantic, from which aircraft could be operated ; and a 
brilliant man on his staff, Mr. Geoffrey Pyke, had put up 
a solution which would interest structural engineers 
technically. The suggestion was to build a floating 
airfield of huge dimensions, displacing one million tons 
and having a runway 3,000 ft. long and 300 ft. wide, 
fitted with electric motors in nascelles projecting on 
each side to give power for about three to four knots. 
It was to be virtually unsinkable, that is, capable of 
withstanding at least 50 or 60 torpedoes before it could 
be put out of action, and proof against being put out of 
action by bombing. 


Mr. Pyke had put forward the idea of building the 
island or ship out of a form of ice. The scheme had the 
name of ‘‘ Habakkuk,’’ and the material was called 
“ Pykerete,” after the inventor. It consisted of about 
95 per cent. water, the remaining 5 per cent. consisting 
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of very cheap ingredients mixed up and frozen together, 
producing a mixture practically as strong as concrete. 


The next thing was to “sell”’ the idea to the right 
people. ‘‘ I went to Chequers,” he said, “ arriving at 
about the time Mr. Churchill was getting ready for 
dinner, and I was told that he was in his bath. I said, 
“Good, that is exactly where I want him to be.’ I 
nipped up to his dressing-room and called out to him 
that I had a block of new material which I would like 
him to put in his bath. I gave hima block of Pykerete.”’ 


One of the curious properties of that material was 
that, after the surface had melted, the melting practically 
stopped, because the ingredients formed a furry insu- 
lating coating on the outside. The fact that the block 
did not melt appreciably in a hot bath impressed the 
Prime Minister so much that he backed further investi- 
gation. 

Details were worked out, including: building sites in 
Newfoundland, where the material would freeze on 
being poured on. 


At the suggestion of Mr. Churchill, he had arranged 
to submit the Habakkuk Project to the Quebec Confer- 
ence in August, 1943, when there was a meeting of the 
Combined Chiefs of Staff. The difficulty was to sell the 
idea to the Americans. But an opportunity occurred 
when, quite early in the conference, a disagreement had 
arisen between the British and American Chiefs of Staff. 
At those conferences the Principals of the two Chiefs 
of Staff Committees sat around the table, and behind 
them the members of the Staffs, very senior officers, 
looked on with stony eyes when they felt their seniors 
were selling the pass. The Chief of the Imperial General 
Staff, Field-Marshal Lord Alanbrooke, had suggested 
that the members of the Staffs should leave the room, 
and that the Principals should sit around the table and 
continue their talk alone. The Staff did leave, wonder- 
ing what their bosses would do in their absence ; but it 
was not long before harmony was restored. 


It was then that he had asked permission to introduce 
“Habakkuk.” He had a sample of Pykerete available 
to compare with a sample of ice, and he asked that he 
might bring it in. Permission was given, and in came 
a member of his staff with a dumb-waiter, on which he 
wheeled a large block of ordinary ice and a large block 
of Pykerete, plus a kitchen chopper. Earl Mountbatten 
asked which of the Chiefs of Staff was the strongest, and 
General Arnold (then Chief of the United States Army 
Air Forces), took off his coat, seized the chopper and 
brought it down on the block of ice, which was satis- 
factorily split. Then he spat on his hands, seized the 
chopper again and advanced on the Pykerete, little 
knowing what he was in for. He brought the chopper 
down, but did not even dent the Pykerete ; instead, he 
jarred his elbows and gave a shriek of pain. The 
members of the staffs outside had heard the blow and 
had recognised the voice of one of their Chiefs in pain, 
and they became rather worried. 


Then Lord Mountbatten drew his Service revolver and 
fired a shot at the ice, which was shattered. To de- 
monstrate that Pykerete would stand up to gun-fire, he 
fired a shot at that. The bullet bounced off and nearly 
hit Sir Charles Portal (then Chief of the Air Staff) ; and 
outside, the white-faced staff were heard to say, ‘‘ My 
God, they’ve started shooting!” 


However, the idea of landing on the Biscay coast was 
turned down in favour of a landing between Cherbourg 
and Le Havre, and so the idea of using Pykerete plat- 
forms was not taken up, although it had appeared not 
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nearly so far-fetched as some of those that were taken up. 
The idea that was adopted—the Mulberry harbour—had 
sounded rather more crazy than Habakkuk when he 
first put it forward. 


The story of Mulberry was rather like the story of the 
tank ; no one person had thought of it. When consider- 
ing the problem of the assault on France it was realised, 
from weather statistics covering a period of many years, 
that even in the best of summers there were rarely more 
than three or four days on which the weather was 
completely calm ; so that we could not count on a period 
of more than three or four days during which to bring 
in further waves of assault troops and maintain supplies 
across the beaches. 


The first obvious answer was that we had to capture 
aport. We had tried that at Dieppe, and we discovered 
that we could not do it ; to have tried it again and failed 
would have been a disaster of the first magnitude. At 
the end of 1941 or the beginning of 1942, one of his 
staff, Captain Hussey, had put up the idea of a Bubble 
breakwater composed of a line of pipes in the sea, with 
holes in them fed by an air compressor; air bubbles 
would be pushed out into the sea, producing a sort of 
elastic medium through which the wave motion was not 
transmitted. Earl Mountbatten had mentioned it to 
the Prime Minister, who had added the idea of having 
piers. Then Captain Hughes Hallett, another member 
of his team, had suggested block-ships ; and from there 
it was but a step to thé Mulberry harbour, which pre- 
sented the most difficult structural engineering problems 
during the war and was the greatest contribution made 
by structural engineering in that period. He put 
another member of his staff, Major-General Sir Harold 
Wernher, himself a great industrialist, in charge of 
organising the administrative arrangements for its 
construction. Without his great drive and ability, 
Mulberry could never have been completed in time. It 
was the greatest single effort of construction in this or 
any other war, and he paid tribute to the fact that it 
was a structural engineering effort. 


Finally, Lord Mountbatten expressed his interest in 
the account of the construction of the Royal Festival 
Hall, by Mr. E. Roland Hole and Mr. F. C. Eales, 
published in the March number of THE STRUCTURAL 
ENGINEER, which he described as fascinating, and he 
commented particularly on the measures that were 
taken to ensure that the workmen engaged there were 
kept in touch with day-to-day developments and were 
made to feel the importance of their part in the project. 
That, he said, was terribly important, and it was perhaps 
a remarkable fact that structural engineers, who had to 
concern themselves with so many materials, had kept 
right abreast of the times and realised the importance 
of the human element ; he congratulated them on that 
fact. 


The PRESIDENT, replying to the toast, said :— 


My Lords, Your Excellencies, My Lord Mayor, 
Ladies and Gentlemen : 


My first duty this evening is to say on your behalf 
and my own, a very sincere “ thank you” to our Guest | 
of Honour for his most inspiring and interesting speech. 


Men of action are said to be slow to speak, and it is 
further said of them that they only speak when they 
have something to say. I submit to you to-night that 
our Guest of Honour falls into the second category, 
while I, your spokesman on this memorable occasion, 
regretfully admit that I fall into the first. 


June, 1951 


All my fellow-members here to-night may, I think 
with justice, claim to be men of action, but none of us 
can compare in that sphere with our distinguished 
guest. Action has been the keynote of his life from 
early days at Osborne, at the Royal Naval College, 
Dartmouth, and throughout his service in the First War, 
followed by a short sojourn at Cambridge University, to 
the present day. 


Mention of Dartmouth reminds me of a little story, 
alleged to be true, which is told of a certain cadet. 


The weather in 1916 was as freakish in that part of the 
world as it has been this Easter, and contrary to all 
precedent, there was a heavy snowfall which covered 
the hills in the vicinity of the College. There was an 
immediate rush by the cadets with improvised sledges, 
tea-trays, in fact, anything that would slide, and one 
of them had the misfortune to sustain an accident which 
necessitated enforced inactivity in sick bay. Even the 
accident, which was of a painful nature, could not 
damp the spirits of that young man. Getting rather 
bored, he conceived the brilliant idea of inserting an 
advertisement in the National Press, giving his name 
and inviting correspondence. The response was rapid ; 
within 48 hours a whole mail-van of letters arrived for 
him. The next day three mail-vans arrived. That was 
too much for the Captain of the College, who promptly 
issued orders diverting all further correspondence— 
presumably to salvage. 


Wild horses would not drag from me the name of that 
cadet. I rather think, however, that at least one other 
person in this room beside myself might hazard a good 
guess at his identity. 


Entering the Royal Navy as a naval cadet in 1913, he 
became a midshipman in 1916, lieutenant 1920, and 
lieutenant-commander in 1928, and achieved his “ brass 
hat’ as commander in 1932. So far he had attained 
the most rapid rate of promotion possible to any naval 
officer, but when I tell you he was promoted to captain 
in 1937, to commodore in 1941, and rear-admiral in 
1946, you have some measure of his outstanding quality. 


- During the First War he served in H.M.S. Lion and 
in H.M.S. Elizabeth, and between the wars in H.M.S. 
Repulse, H.M.S. Renown, and H.M.S. Revenge. In 1929 
he became Senior Wireless Instructor, Sienal School, 
Portsmouth, Fleet Wireless Officer to the Mediterranean 
Fleet in 1931-1933, later commanding H.M.S. Daring 
and H.M.S. Wishart, before going to the Admiralty in 


the Naval Air Division in 1936. Of his service in the. 


last war, I would mention that he commanded H.M.S. 
Kelly and the Fifth Destoyer Flotilla in 1939, and 
ELMS. Illustrious in 1941. Appointed Chief of Com- 
Operations in 1942-1943, he reached acting rank 
of vice-admiral, and held at the same time acting rank 
What a com- 


of lieutenant-general and air-marshal. 
bination ! 


On becoming Supreme Allied Commander South-East 
Asia Command, he was advanced to acting admiral, 
id was still holding that command at the victorious 
onclusion of the war in Burma, with which his name 
ill be for ever linked. 


_The year 1946 found him in command of the First 
er Squadron, with the substantive rank of rear- 
iral, but he was not long to remain in that position, 
in 1947, he succeeded the late Lord Wavell as 
iceroy of India. He took a prominent part in the 
rocedural plan for the transfer of power to India on a 
lominion status basis in 1947, and by the choice of the 
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Indian Congress, later became Governor-General of the 
new Dominion of India, holding office until June, 1948. 
What a record for any one man ! 


It is told of him that, during the war, when in com- 
mand of His Majesty’s ships, he invariably fought the 
enemy to a standstill, and had more ships sunk under him 
than any other commander of that time. I would not 
mind wagering that he, as an old Cantab., was never 
so completely sunk as was poor old Oxford last Saturday ! 


It is a great pleasure to me to be able to tell you that 
the stroke of the victorious Cambridge boat is present 
among us to-night—Mr. Jennens, the son of the Chair- 
man of our Midland Counties’ Branch. At the risk of 
being accused of promoting international discord, I am 
wondering whether the fact that the Cambridge crew 
took their orders through an English cox as distinct 
from the Oxford crew, who were coxed by an American, 
had anything to do with the outcome of the race. 


At the risk of embarrassing our guest, which, if I 
do so, I trust he will forgive, may I just enlarge for a few 
moments on the theme of the so-called Silent Service. 
Such a career could only come to a man of exceptional 
talents, but I feel sure that he would be the first to 
admit that no small credit is due to the Service which 
nurtured him, and to which he has given life-long 
allegiance. 


What is the Navy’s secret ? Can we learn from it 
any lessons from which we as a profession may gain 
benefit ? Perhaps we can. 


The Navy is a very highly trained service from the 
technical point of view, but before all technical achieve- 
ment they place leadership. Responsibility is thrust 
upon them from an early age. They must show ini- 
tiative and yet remain loyal members of a team. They 
must learn to obey orders as well as on occasion to 
disregard them. They must be tactful, quick in de- 
cision, but above all, must never lose the human touch. 


Humour is never missing from the Navy. I would 
like to tell you a little story of a young lieutenant who 
found himself in charge at Tobruk, in the course of the 
North African campaign, with refugees, troops, prisoners, 
and a thousand and one other people crowding in upon 
him. ations were reaching a somewhat parlous 
condition, so parlous indeed that he felt impelled to 
send out a signal setting out the situation in which he 
found himself, and requesting advice and help. Judge 
of his astonishment when the return signal came back in 
just these few words: “ Over to you: Take care you 
do not get eaten.” 


With all this, therefore, I feel we can to-night derive 
real inspiration from the very personality of our guest 
himself, from what he has had to say, and from the 
traditions of the Service that he adorns. 


Let us go forward to our own tasks, determined that 
every command with which we are entrusted shall be a 


happy ship. 


That is what we have always sought in our Institution, 
and what we like to feel we have attained. Our relations 
with our sister Institutions, and the Government 
Departments with which our work brings us into close 
contact, have been uniformly happy, and as the years 
have gone by, have progressed from strength to strength. 


This evening we are gathered together for a social 
occasion, and it does not appear to me that this is an 
appropriate moment in which to launch into a sea of 
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statistics. Let it suffice, therefore, tosay that our numbers 
have increased considerably since we last met for a similar 
evening’s enjoyment, and that the number of persons 
desirous of sitting for our examinations has reached 
new records. 


I submit that there must be something very fine in the 
traditions of an Institution for such consistent progress 
to be possible. 


To return to the Navy theme for a moment before 
concluding, I do want, as your President, to thank the 
Chairmen and the Honorary Secretaries, the Captains 
and Commanders as it were of the ships that comprise 
our Fleet, for their tact, guidance and diplomacy when 
showing the Institution flag in what are, at times, 
somewhat troubled waters, and last but not least, I 
want publicly to thank the Commander of our Flagship, 
Major Maitland, and Jimmy I, the indefatigable Mr. H. 


Institution Notices 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, April 26th, 1951, 
at 5.55 p.m., Mr. Walter C. Andrews, O.B.E., M.I.C.E., 
M.I.Struct.E. (Vice-President), in the Chair. 

The Minutes, of the Ordinary General Meeting held on 
February 22nd, 1951, as published in the Journal in 
April, were taken as read, were confirmed and signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of member- 
ship ? 

STUDENTS 
BROCKBANK, Edwin, 17, Burleigh Road, Gorse Hill, 

Stretford, Lancs. 
CHAPPELL, Ronald Charles, 

Lane, Addlestone, Surrey. 
DAvipson, Gerald Keith, 46, Fairfield Crescent, Huyton- 

cum-Roby, Liverpool. 

Doy Le, William Sherwood, “ Aldbury,”’ 

Rondebosch, Cape Town, South Africa. 
FREITER, Ian Neville Ferguson, c/o Mrs. Cassells, 229, 

North Street, Glasgow, C.3. 

JEFFERIES, Robert Lionel, c/o Dorman Long (Africa), 

Ltd., Craigs Battery, Woodstock, Cape, South Africa. 
MARRIOTT, Philip Stanley, 171, Cranston Road, Forest 

Hill, London, S.E.23. 

NETTLETON, John Clive, 115, Nottingham Road, 

Kensington, Johannesburg, South Africa. 

Norman, Kenneth Peter, 189, Burntwood Lane, Wands- 

worth Common, London, S.W.17. 
Rocers, Kenneth Jordan, ‘‘ Harpenden,” 

Findern, Nr. Derby. 

STEELE, Alan David, 74, Evering Road, London, N.16. 
STRACHAN, Alan, 29, George Street, Altrincham, Cheshire. 
Wi1p, Peter, 11, Brumby Wood Lane, Scunthorpe, 

Lincs. 

WILKINSON, Herbert, 57, Smith Drive, Orford, Warring- 
ton, Lancs. 
WitiiAMs, Robert Raymond, 253, Townsend Avenue, 

Liverpool, II. 


“ Sayesmore,” 79, Liberty 


Grove Road, 


Burton Road, 


GRADUATES 


ADASKO, Stanislaw, 96, Victoria Road, Salford, 6, Lancs. 
ANDERSON, Joseph, 48, Langcroft Road, Glasgow, 
S.W.I. 
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R. Gray, and all associated with them, for their sterlin 
work throughout the year, and for the way in whick 
they have organised to-night’s function and ministere 
to our enjoyment. 


”? 


The theme of my remarks has been “ Action,” and 
I cannot sit down without again thanking our distin 
guished guest for his most mspiring speech and for his 
graciousness in honouring us with his presence to-night, 


May I, as my last word this evening, give you ; 
thought for to- “morrow : Think as men of action ; act 
as men of thought.”’ 


Mr. Walter C. ANDREWS, O.B.E., M.I.C.E. (Vice- 
President), proposed the toast of The Guests, and this was 
responded to by Dr. W. H. Glanville, C.B.E., D.F.C., 
M.I.C.E., M.I.Struct.E. (President of tive Institution of 
Civil Engineers). 


and Proceedings 


AUSDEN, Alistair Charles, 78, Herkomer Road, Bushey, 
Herts. 

BAKER, Alexander John, 17, Overhill Road, East 
Dulwich, London, $.E.22. 

BHARUCHA, Sorab, 103, Fellows Road, London, N.W.3. 

Boccon, William George, B.Sc. (Civil), Bristol, 20, Lawn 
Road, Rowley Park, Stafford. 

Burs_eM, John Austin, 1, St. Brannocks Road, Cheadle 
Hulme, Cheshire. 

CARTER, William Geoffrey, 8, Lyndene Gardens, Kings- 
way, Cheadle, Cheshire. 

Daty, James Gerard, B.E.(N.U.1.), Lammascote House, 
Lammascote Road, Stafford. ‘ 

Dove, Patrick Joyce, B.E.(N.U.1.), A.M .1-C.Ej ee 
Taylor Woodrow (E. A.), Ltd., P.O. Box 2256) 
Nairobi, E. Africa. 

Easton, Edgar, 21, Farmhouse Road, oie Vale, 
London, S.W.16. 

FaGANn, John George, Delivery Counter, G.P.O. Welling. 
ton, New Zealand. 

GARTHWAITE, Charles Henry, 187, Stoke Newington 
High Street, London, N.16. 

GILLBANKS, William James, 80, Heys Road, Prestwich, 
Manchester. | 

GOULD, Noel Brian, 6, Hope Avenue, Brakpan, Trans- 
vaal, South Africa. | 

Hancock, Trevor Gordon, B.A. (Cambridge), c/o Messrs. . 
Scott & Wilson, 47, Victoria Street, S.W.T1. 

Harris, Clifford James, P.O. Box 645, Port Elizabeth, 
South Africa. 

HucuEs, John Tudor, B.Sc.(Eng.), Rand, 21, Burton 
Manor Road, Stafford. 

HuskIns, Leslie Roy, 30, Angus Mansions, 266, Jeppe 
Street, Johannesburg, South Africa. | 

KersHAw, Albert, 22, Roxholme Avenue, Harehills, 
Leeds,;7: 

KINNAIRD, George Alfred, 15, Ailsa Drive, Giffnock, 
Renfrewshire. 

LINEKER, Leslie, 69, Beam _ Hill, 
Staffs. 

MANUELL, Herbert Joel, 78, Mentz Street, Booysens, 
Johannesburg, South Africa. 

MEREDITH, William James, 44, Watersfield Way, 
Canons Park, Edgware, Middlesex. 

Mitra, Asit Kumar, 64, Fern Avenue, Newcastle upon 


Burton-on-Trent, 


Tyne, 2. 
Morcan, Ivor Charles, c/o Reinforcing Steel Ode Ltd, 
P.O, Boxi177; Salisbury, Southern Rhodesia. { 
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Nicnots, George William, 63, Usher Road, Bow, 

_ London, E.3. 

ore Alexander Chukwuemeka, B.Sc. (Hons.) (Civil), 
Wales, c/o University College, Singleton Park, Swan- 

e sea. 

OrpHAM, Norman Arthur, A.M.I.Mun.E., c/o Miss 
Tarvin, 2, Avenue Road, New Malden, Surrey. 

Pitt, Peter Hubert, 10, Reynolds Close, London, N.W.11 

oo: Stanley George, 235, Hale End Road, Woodford 

Green, Essex. 

RAYNER, Patrick Anthony, “ April Cottage,” Gateland 
Lane, Shadwell, Leeds. 

RENDALL, William Cutt, 7, Victoria Gardens, Wembley, 
‘Middlesex. 

Rocers, Arthur David, B.Sc.(Eng.), London, Station 

_ Road, Netley Abbey, Nr. Southampton, Hampshire. 

SALEEM, Muhammad Akbar, 57, Abingdon Villas, 
London, W.8. 

SARKAR, Sujit Kumar, B.E., Calcutta, c/o C. W. Glover 
& Partners, 54, Victoria Street, London, S.W.1 

SHEARCROFT, Richard, B.Sc. (Eng.), Edinburgh, 74, 
Common Road, Kensworth, Beds. 

SHERWIN, Albert, 31, Hamilton Road, Walthamstow, 
E17. 

SHINDE, Kashinath Madhav, B.E., Bombay, 210, 
Budhwar Peth, Poona 2, India. 

Stocu, Solly Gerald, B.Sc.(Eng.), Rand, 18, Linden 
Road, Emmarentia Ext., Johannesburg, South Africa. 

STONEBRIDGE, Marcus Allan, A.M.I.C.E., A.M.I.Mun.E., 

_ 1, High Street, Lowestoft, Suffolk. 

TAYLOR, James Edward, 38, Edwards Road, Erdington, 
Birmingham, 24. 

TisBetts, William Arthur, 75, Ralph Road, Shirley, 
Nr. Birmingham. 

TYLMAN, George Anthony, 14, Cambalt Road, London, 

f 5.W.15. 

WEsSTALL, Thomas Rimmer, Franks Farm, Culcheth, 

_ Nr. Warrington, Lancs. 


ASSOCIATE-MEMBERS 
ARMSTRONG, lan Fraser, 1, Rykneld Drive, Littleover, 
_ Derby. 
Baru, Charles Frederick, 6, Queensgate, South Kensing- 
_ ton, London, S.W.7. 
BecceN, Alexander David, 25, Chardmore Road, London, 
N.106. 
Cass, Ronald Harry, A.M.1.C.E., A.M.I.Mun.E., Frears 
4 Way, Morley St. Botolph, Nr. Wymondham, Norfolk. 
JALINK, John Bernard, P.O. Box t1og1, Johannesburg, 
South Africa. 


Lee Gwou Liane, 26, Flower Market Road, 3rd Floor, - 


_ Kowloon, Hong Kong. 

Mu ttins, Leslie Herbert MacLeod, B.Sc.(Eng.), London, 
| 271, Nether Street, West Finchley, London, N.3. 
Newron, Peter Dennis, B.Sc.(Hons.) (Eng.), London, 
» AC.G.I., 6, Clabon Road, Norwich. 

OGpdEN, John, “ Lynwood,” Hill Cliffe Road, Walton, 
Warrington, Lancs. 

MISGERBY,; Colin, B.Sc.(Eng.), London, A.M.I.C.E., 
A.M.I.Mun.E., 9, Park Avenue, Roker, Sunderland. 
RAMSEY, Frank Cyril, c/o Electricity Supply Commis- 
sion, Box 1og1, Johannesburg, South Africa. 
SHORTER, Christopher Thomas, 42, Webb Street, North- 
mead, Ext. 3, Benoni, Transvaal, South Africa. 
STAKE, David Walshaw, B.Sc. (Civil), Manchester, Brown 
O’Sullivan & Partners, 16, Gloucester Place, London, 
W.1. 

VARD, Walter Burton, A.M.I.Mech.E., 83, Hale Gate 
Road, Halebank, Widnes, Lancs. 

'EBBER, Norman Bruton, B.Sc.(Hons.) (Eng.), London, 
A.M.I.Mun.E., c/o Borough Engineer’s Department, 
Town Hall, Worthing. 

) 
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WuitLamM, Edwin Frederick, M.Sc.(Eng.), London, 
A.M.LC.E., 58, Hillcrest Road, Orpington, Kent. 


MEMBER 


CRERAR, Finlay, C.B.E., Merrywood, Ellerton Road, 
West Wimbledon, London, S.W.20. 


TRANSFERS 
Students to Graduates 

Brotton, Arthur Reginald, 42, Roman Road, Lin- 
thorpe, Middlesbrough. 

CHRISTIE, Dennis, 37, Grasmere Crescent, Sinfin, Derby. 

CLARK, Raymond Bostock, c/o Dorman Long (Africa), 
Ltd., P.O. Box 68, Germiston, South Africa. 

DUNN, William Nicoll, 43, Banstead Road, Carshalton, 
Surrey. 

DZIEWULSKI, Jerzy, 26, Spruce Hills Road, Waltham- 
stow, London, E.17. 

Frost, Archibald William Douglas, 15, Peckham High 
Road, Peckham, London, S.E.15. 

HALtows, Brian Hector, 23, Dorset Avenue, Romford, 
Essex. 

Hicks, Edward George, 67, Hamilton Avenue, Ilford, 
Essex. 

Hoare, John Hubert, 16, Rivercourt Road, London, W.6 

JAMEs, Arthur Neville, 20, Birkett Drive (off North 
Ridge Road), Durban, South Africa. 

JAMES, Dennis Frederick, 29, Barriedale, New Cross, 
S.E.14. 

JAMES, John Fraser, 47, Castle Street, Port Talbot, 
Glams. 

KACZKOWSKI, Tadeusz Adam, 43, Bromley Road, 
Walthamstow, London, E.17. 

McCarTE, John, 314, Carntynehall Road, Glasgow, E.2. 

MiLGATE, Peter, 3, Saxon Avenue, Crumpsall, Man- 
chester, 8. 

NoLLER, Gerald Rous Allen, 27, Franciscan Road, 
London, $.W.17. 

PRIDDEY, Harry Walter, 75, Ira Street, Miramar, 
Wellington, New Zealand. 

Row Ley, John Charles, 63, Pelham Road, Wimbledon, 
S.W.19. 

Sutton, Derek Harold, 65, Beresford Road, Chingford, 
E.4. 

Tatt, Robert James, 58, St. Marks Road, Bush Hill 
Park, Enfield. 

TRANFIELD, Raymond, 16, Rivercourt Road, London, 
W.6. 

Wuire, Allen Robert, 1, Blenheim Lodge, Hadley Road, 
New Barnet, Herts. 

WIDDRINGTON, Thomas Anthony, c/o Wm. Bain & Co., 
Lids Lochrim Works, Boksburg, lohenvebure: South 
Africa, 

WoJCIECHOWSKI, Jan, 63, Rectory Road, Waltham- 
stow, E.17. 


Student to Associate-M ember 
RUSSELL, John, 33, Loomsway, Irby, Heswall, Wirral, 
Cheshire. 


Graduates to Associate-M embers 
BANNATYNE, William, B.Sc.(Hons.) (Civil), Glasgow, 
20, Killearn Drive, Ralston, Paisley, Renfrewshire. 

BARRON, Thomas, 18, Edith Street, Middlesbrough. 

Barry, Maurice Henry Alfred, 70, Minet Road, Brixton, 
S.W.9. 

BROcCKLEHURST, Frank, 46, Boston Road, Holbeach, 
Spalding, Lincs. 

Bucuan, Ian,’ B.Sc.(Civil), Glasgow, m0 Pav Bae 
Box 137, Lusaka, Northern Rhodesia. 
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CANTLAY, William Gordon, B.Sc.(Civil), Glasgow, 53, 
Queen Square, Strathbungo, Glasgow, S.1. 

CauNT, George, 31, Downing Street, Sutton-in-Ashfield, 
Nottingham. 

CLARKE, Godrey Baynes, 110, Mayfield Road, Sander- 
stead, Surrey. 

CooPER, John Reginald, Flat 5, ‘“‘ Longcroft,’’ South- 
down Road, Shoreham-by-Sea, Sussex. 

Cox, Dennis, B.Se., Wales, 103, North Road, Longsight, 
Manchester, 12. 

Date, Hiliary Michael, 
Sheffield, rr. 

DE Sitva, Muttuwa Sarukalige Maitripala, B.Sc.(Eng.), 
London, 83, Emmanuel Road, London, S.W.12. 

DopswortH, Foster, 8, Palm Street, Middlesbrough, 
Yorks. 

Downes, Arthur Harvey, 7, Kensington Road, Man- 
chester, 21. 

Eaton, Kenneth Vernon, 66, Windmill Road, Hemel 
Hempstead, Herts. 

Evia, Panicos, c/o Reinforcing Steel Co.) Ltd., Nairobi, 
Kenya. 

ERULKAR, Jonathan Ehab, B.E. (Civil), Bombay, Sarah 
Lodge, 48, Shivaji Park, Bombay 28, India. 

EsaAkoF, Edgar Arnold, B.Sc.(Eng.), Rand, A.M.I.C.E., 
16, St. Georges Street, Yeoville, Johannesburg, South 
Africa. 

Farrow, George Albert, “‘ Locksley,’’ 
Bishop Auckland, Co. Durham. 

Fortey, Joseph William, 10a, Aston Street, Birming- 
ham, 4. 

GuosH, Aravinda, B.Sc., B.E., Calcutta, c/o S.T.U.P. 
(Procedes Freyssinet), 42, Avenue -de Friedland, 
Paris 88. 

Hanna, Milad Mikhail, 9, 
Shubra, Cairo, Egypt. 

HEIKEL, Bernard Hugo, 528, Gorton Road, Reddish, 
Stockport, Cheshire. 

HUusBAND, Richard, 83, Roman Road, Middlesbrough. 


A. M.IL-CES 16>) Wilson. Road: 


Etherley Lane, 


El-Eskandarani Street, 


Kinc, Charles William, 33, Old Deer Park Gardens, 
Richmond, Surrey. 

LANGFIELD, Ronald Alexander, M.Eng., Liverpool, 
A.M.I.C.E., “ Beechwood,” 11, Rock Park, Rock 


Ferry, Cheshire. 

Lock, Kenneth Alfred, 83, 
Hemel Hempstead, Herts. 
Lowson, Barry Christian, 42, Paris Court, 89, Juta 
Street, Braamfontein, Johannesburg, South Africa. 
MoseELeEy, Arthur Raymond, 3, Belmont Road, Penn, 

Wolverhampton. 


Longlands, Adeyfield, 


PAYNE, Richard James, B.Sc.(Eng.), London, 16, 
Dufton Road, Linthorpe, Middlesbrough. 
Peacock, Mark Beauchamp, M.A., Oxford, “San 


Salvatore,’ Rhodes Avenue, Westville, Natal, South 
Africa. 

PooLrey, Noel, A.M.I.Mun.E., Borough Engineer’s 
Department, Capitol Works Section, Upton Towers, 
Slough, Bucks. 

Ropertson, Alexander Gordon, B.Sc. (Hons.) (Eng.), 
Glasgow, c/o 128, Brondesbury Park, N.W.2. 

SaLE, Desmond James, 74, Church Road, Worcester 
Park, Surrey. 

Simms, George Alfred, 114, Crestway, 
S.W.15. 

SmitH, Richard Anthony, 7, Park: Terrace, Garstang 
Road, Fulwood, Preston, Lancs. 

STEEL, Richard William Charles, 
Sutton, Surrey. 

TAN TIONG BENG, 23, Kuo Chuan Avenue, Singapore, 15. 

TAYLOR, Geoffrey Bell, 27, Church Street, Heanor, Notts. 

Tuompson, Leslie, A.M.I.Mech.E., 39, Hendham Road, 
Upper Tooting, London, S.W.17. 


Roehampton, 


15, Bramley Road, 


The Structural Engineer 


TuHomson, Frederick Murray, 23, Caledonia Street, 
Wellington, E.4, New Zealand. 

TuorpP, Cyril Francis, 16, Wilmar Drive, Salendine Nook, 
Huddersfield, Yorks. 4 

VAN HEERDEN, Willem Jacobus Stephanus, B.Sc. (Eng.), . 
Rand, P.O. Box 653, Pretoria, South Africa. " 

VAUGHAN, Thomas Henry, 207, Castle Road, Salisbury, 
Wilts. 

Werte, Basil Percy,.c/o Fie ea. Conerere Engineers 
(Pty.), Ltd., Box 943, Durban, South Africa. : 

WILSON, Raymond, 20, Park Avenue, Thornaby-on- 
Tees, Stockton-on- Tees, Co. Durham. 

Witson, William Barry, B.Sc.(Eng.), London, 2, Parkers 
Hill, Ashstead, Surrey. 

Wincu, Eric Douglas, B.Sc.(Eng.), London, 464, Auriol 
Road, West Kensington, London, W.14. 

Younc, Joseph Anthony, A.M.I.Mun.E., 40, Oaklangly 
Avenue, Oxhey, Herts. 


Olive 


Assoctate-Members to Members 

BourRNE, Kenneth Lowick, “The Outlook,” 
Grove, Stourport-on-Severn, Worcs. 

CoLLINsOoN, Kenneth, 11, Gipsy Lane, Marton, Middles- 
brough. 

DrumMonD, David Gordon, B.Sc.(Eng.), London, 
A.M.I.C.E., F. A. Macdonald & Partners, 11, Woodside | 
Terrace, Glasgow, C.3. 

FAULKNER, Geoffrey Lawrence, B.Eng., Sheffield, Messrs. 
Kennedy & Donkin, Delmore Road House, Inverness. 

GRIFFITHS, Harold Caine, Crossways, 19, Coningsby 
Road, Woodthorpe, Nottingham. .@ 

Ross, Alexander, B.Sc.(Eng.), St. Andrews, A.M.I.C. Ey 
Concrete Design, Ltd., 21, Bond Street, Leeds; I. 

RoGeErS, Frank, Box 136, Accra, Gold Coast, West 
Africa. 

THOoROWGOOD, Wilfrid Ernest, M.A.(Cantab.), 
A.M.LC.E., A.M.I.Mun.E., Downend, Fort Roadj 
Guildford, Surrey. 


RE-ADMISSION 
Associate-M ember 
SHIRPURKAR, Krishna Appaji, Nagpur Municipal Com= 
mittee, Nagpur, C.P., India. 


OBITUARY ¥ 

The Council regret to announce the deaths of Matcel 

Ernest GERARD, Siegfried Herz and Sir Percy Malcolm 
STEWART, Bt. (Members). 


JUNE MEETING 
An Ordinary General Meeting for the election of 
members only will be held at 11, Upper Belgrave Street, 
London, S.W.1, on Thursday, June 28th, 1951, at 
5 p.m. 


JULY EXAMINATIONS 
The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
July 17th and 18th (Graduateship), and on July roth 
and 20th (Associate-Membership). i 


OVERSEAS REPRESENTATIVE ‘ 
The Council have appointed Mr. E. Snowden, B. Eng., 
A.M.IL.C.E., A.M.I.Struct.E., to be the Institution’s 
Representative in Brisbane, Queensland, Australia. 
| 
REPRESENTATION | 
The Council have made the following nominations | 
members to represent the Institution :— 


ne, 1957 


INSTITUTION OF CIVIL ENGINEERS JOINT COMMITTEE 
VIBRATED CONCRETE : 

_ Mr. S. Vaughan (Vice-President). 

_ Mr. W. C. Andrews, O.B.E. (Vice-President). 

Mr. W. H. Woodcock (Hon. Editor). 


MINISTRY OF EDUCATION. JOINT COMMITTEE ON HIGHER 
NATIONAL CERTIFICATES IN CIVIL ENGINEERING : 
Dr. S. B. Hamilton (Vice-President). 


MINISTRY OF EDUCATION. JOINT COMMITTEE ON 
NATIONAL DIPLOMAS AND CERTIFICATES IN BUILDING : 
~ Major F. G. Etches (Member). 


MINISTRY OF HEALTH. ADVISORY COMMITTEE TO 
ASSIST IN REVISING THE MODEL SERIES OF BUILD- 
ING ByE-LAws: 
Mr. L. E. Kent (Hon. Librarian). 


BRITISH INSTRUMENT INDUSTRIES 
EXHIBITION, 
_ NATIONAL HALL, OtympiA, LONDON, JULY 4TH- 
I4TH, 1951 

Thanks fc the courtesy of the organisers, a certain 
number of free tickets are being made available for use 
by members of the Institution. Members who desire to 
obtain a ticket are asked to communicate with the 
Secretary at an early date. 


INTERNATIONAL ASSOCIATION FOR BRIDGE 
AND STRUCTURAL ENGINEERING 


_ The International Association for Bridge and Struc- 
tural Engineering is holding its Fourth Congress in 
Cambridge and London from August 25th to September 
5th, 1952. 

The Association, whose Headquarters is in Zurich, 
was founded in 1929 for the purpose of promoting inter- 
national co-operation among scientists, engineers and 
manufacturers ; the interchange of knowledge, ideas and 
the results of research work in the sphere of bridge and 
structural engineering in general, whether in steel, 
concrete, or another material. 

‘The British Section of the Association, under the 
Chairmanship of Mr. Ewart S. Andrews (Past-President 
of the Institution and a Vice-President of the Associa- 
tion), is responsible for organising the 1952 Congress, and 
a provisional programme of events has been arranged. 
During the period August 25th to August 30th, the 
Congress will be centred at Cambridge, where the 


ome will consist of technical meetings, at which’ 


papers will be read and discussed, a Reception by the 

University, and visits to places of interest in and around 
Cambridge. On August 30th, the Congress will move 
to London, and from September’ 1st to 5th, various 

visits and tours to places in and around London will be 
field, in addition to a Government Reception, a Service 
‘in Westminster Abbey, and the Congress Dinner. Three- 
ay visits to South Wales and Scotland are also being 
rranged during this period. 
The Lord President of the Council, The Rt. Hon. 
iscount Addison, K.G., has accepted office as the 
resident of the Congress, which is being sponsored by 
the Institution of Civil Engineers and the Institution 
of Structural Engineers. The Presidents of the two 
stitutions, Dr. W. H. Glanville and Mr. J. E. Swindle- 
urst, have been appointed as two of the Vice-Presidents 
f the Congress, and the Secretaries, Mr. E. Graham 
ark and Major R. F. Maitland, as Joint Honorary 
Lreasurers. 
Membership of the Association may be acquired by 
hy person interested in bridge and structural engineer- 
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ing, provided that he belongs to a recognised scientific 
or technical society, or possesses the requisite scientific 
or technical knowledge, and Government or local 
authorities, scientific institutes, associations, syndicates 
and firms may become collective members of the Asso- 
ciation. 

Members of the Institution desirous of applying for 
membership of the Association, for which the annual 
subscription is {I Is., may obtain further details of the 
Association’s activities and application forms upon 
application to the Chairman of the British Section, 
Mr. Ewart S. Andrews, 318, Bank Chambers, 329, High 
Holborn, London, W. Cr 


LONDON GRADUATES’ AND STUDENTS’ SECTION 
A visit to-the West India Docks has been arranged 
for June 16th, meeting at the Main Entrance at 9.45 a.m. 
Directions : Aldgate East Station on the District Line, 
and trolley-bus to Burdett Road. 
Hon. Secretary : D. B. Rogers, 85, Bramfield Road, 
S. Wek, 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
Hon. Secretary : A. S. Sinclair, 28, Kenwood Road, 
Stretford, Lancs. 


GRADUATES’ AND STUDENTS’ SECTION 
Hon. Secretary ;: F. M. Turner, 11, Colwell Avenue, 
Stretford, Lancs. 


MIDLAND COUNTIES’ BRANCH 
How. Secretary >: > Re sDeeley,. § AM istmci 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 
Hon. Secretary : M. H. Evans, B.Sc., 107, Metchley 
Lane, Harborne, Birmingham, 17. 


NORTHERN COUNTIES’ BRANCH 
How: sSecrétary.:” J. ADS Williams, “AGMLT.GC:Es, 
A.M.L.Struct.E., 57, Reid Park Road, Jesmond, New- 
castle-upon-Tyne. 


NORTHERN IRELAND BRANCH 
Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
Lisleen, 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 

The Annual General Meeting of the Branch was held 
on Tuesday, April 17th, when the following Honorary 
Officers and Committee members were elected :— 

Chairman : R. Summers. 

Vice-Chairman : R. H. Sharpe. 

Hon. Treasurer : J. Camerson. 

Hon. Secretary: D. G. Drummond, 11, Woodside 
Terrace, Glasgow, C.3. 

Immediate Past Chairman : Dr. C. M. Moir. 

Committee Members : N. M. Brydon, G. M. Dingwall, 
W. Girvan, W. Heigh, R. M. Howatt, H. P. Johnston, 
A. MacLean, H. McClusky, J.P., A. G. F. Russell, 
W. Basil Scott. 

Hon. Auditors : J. Laird, H. B. Sutherland. 


SOUTH-WESTERN COUNTIES’ BRANCH 
Hon. Secretary : E. W. Howells, M.I.Struct.E., ro-12, 
Market Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
A very interesting afternoon was spent on April 11th, 
when about 50 members of the Branch visited the 
New Strip Mill at Abbey Works, Margam, by kind 
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permission of The Steel Company of Wales. Every 
facility was given to inspect the buildings, which are 
now practically complete, also the portion of the plant 
already in production and the remaining plant which 
is being rapidly assembled. Tea was taken in the 
works’ canteen, and the Chairman afterwards expressed 
the thanks of the members to the Steel Company and to 
the Consulting Engineer. 

The party then travelled to.the Seabank Hotel, 
Porthcawl, where the Annual Dinner was held. It was 
a pleasure to have the President and Mrs. Swindlehurst 
with us on this occasion, and we regretted that Major 
Maitland was prevented by illness from attending. 

Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES’ BRANCH 

The Annual Dinner was held at the Royal Hotel, 
Bristol, on Wednesday, March 14th. - Mr. P. C. Girdle- 
stone (Branch Chairman) presided, and Mr. Stanley 
Vaughan (Vice-President) and Major R. F. Maitland 
were present, together with a number of other guests 
representing kindred societies. 

The Dinner was followed by a programme of musical 
entertainment. 

Hon; Secretary: C. E.. Saunders, M.LStruct.E., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Som. 


Book Reviews 


Asphalte in Modern Building Construction, by 
G. J. Hancock. Edited by A. A. Chant;and PoE: 
Drury. (London, Newnes, 1950.) 230 pages, 94 in. by 
64 in. 30s. 

This is an authoritative reference book which deals in 
a very clear manner with most of the points upon which 
information might be sought within the acknowledged 
limits of its scope. The limitation is accounted for by 
the fact that the book is published under the egis of the 
Natural Asphalte Industry, the matter having been 
largely gathered together and prepared by the late 
Secretary to the Mine Owners’ Council. The text 
shows some signs of changed viewpoint during the 
process of compilation. 

The nature and varieties of asphalte, raw materials, 
manufacturing processes and testing are dealt with in 
four chapters (80 pages), and five more are devoted to 
the uses, technique of asphalting, details of application 
to specific problems and specification, though not in 
this order. 

Two excellent features are the clear illustrations of 
the method of application and details of use of asphalte 
and copious reference to publications for further in- 
formation upon matters dealt with in the text. The 
book may be confidently recommended to structural 
engineers and others engaged in building work. 

We are reminded that one function of asphalte is to 
remedy our defects since “ Although really good and 
dependable concrete for resisting the effects of the 
weather can be produced, there are operational un- 
certainties which make it worth while to introduce 
protection. * 


The book is very well produced. Dy Geis 


Lexique Technique Francais-Anglais et Anglais- 
Francais Concernant le Materiel de Travaux 
Publics (French-English Technical Glossary of En- 
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YORKSHIRE BRANCH 

The Eighth Ordinary Meeting was held on Wednesday, 
April 18th, at the Great Northern Hotel, Leeds, at 
6.30 p.m. The Chairman was Mr. A. Robb, B.Sc. 
A.M.I.C.E. (Member), and the meeting was attended by 
45 members and friends. A lecture on “ The Institution 
of Structural Engineers’ Report on Prestressed Con- 
crete’ was given by Professor R. H. Evans, D.Seq 
Ph.D., M.I.C.E., M.I.Mech.E. (Member). Questions 
and discussion followed and a vote of thanks, proposed 
by Mr. D. R. S. Wilson (Member), and seconded by 
Mr. J. Dossor, A.M.I.C.E., M.I.Mech.E. (Member), was_ 
accorded to the Lecturer. & 
Hon. Secretary: E. Wrigley, A.M.I.Struct.E., City) 
Engineer’s Department, Civic Hall, Leeds, I. 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.1-C.Ey 
A.M.).Strrct.E.,. PO. Box No: 3306, Johannesburg. 
During week- -days Mr. Tait can be contacted in t 
City Engineer's Department, City Hall, i 
"Phone : 34-III, ext. 257. 


Natal Section Hon. Secretary: E. G. Bennetts 
A.M.I.Struct.E., c/o Reinforcing Steel €o., Ltd., PO, 
Box 478, Durban. 


Cape Section Hon. Secretary : R. Stubbs, M.I.Struct. 1 
P.O. Box 1692, Cape Town. 


; 
gineering Equipment Terms) (Paris : Institut veal 
du Batiment et des Travaux Publics, 1949). 184 pp., 
8 in. by 5 in. 700 francs. 

This glossary of French, English and Americ 
technical terms relating to engineering equipment, 
which is intended primarily for the use of French 
contractors who wish to order plant and spare par 
manufactured in Great Britain and the United States 
will also be found useful by all those who require the 
French equivalents of English technical terms, many 
of which are not found in current bilingual dictionarie 2 

The glossary covers plant used in building and publie 
works and also engineering equipment in general. 
Detailed conversion tables complete the glossary proper 
and facilitate conversion from British to metric units_ 


and vice versa. 
The book is bound in red cloth. 


. 


Strength and Elasticity of Materials : Theory of 
Structures. Solutions to B.Sc.(Eng.) Examination 
Questions (Internal), by W. H. Brooks. (London, 
Macdonald, 1950.) 141 pages, 84 in. by 5} in.; 117 
illus. 12s. 6d. | 

A cursory glance at the title may suggest this is a 
further ‘‘ text-book’ on two familiar subjects, but on 
closer inspection it will be realised that any such 1 
pression is erroneous. 

It is, in fact, considered a well-arranged series of 
solutions (“‘ worked-out’’ answers) to the question- 
papers set by the University of London Examination 
Board for Part I of the B.Sc.(Eng.) Internal Examina- 
tion. 

The author is to be congratulated on his successful 
grouping of the subjects under their relative headings 
together with his solutions. 

The book is well illustrated by 117 line diagrams ant 


the solutions are clearly expressed in such a manne 
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. 
as to enable them to be easily understood and followed. 
Where questions call for definitions these are expressed 
in concise, yet clear forms. ; 


_ A glossary of symbols used throughout the book is 
also incorporated, thereby clarifying formule in which 
other symbols might—in certain cases—have been used 
by authors of various books with which the student 
may have become acquainted during his earlier tuition. 


~The book includes sections covering examples of :— 

Stresses and Strains, Shear Forces and Bending Moments, 
Deflection of Beams and Cantilevers, Resilience, Torsion 
of Shafts, Helical Springs, Struts and Columns, Com- 
posite Bars and Beams, Temperature Stresses, Forces 
in Plane Frames, Deflection of Plane Frames, Stability 
of Retaining Walls and Dams, Suspension Bridges, 
Three-pinned Arches, Rolling Loads on Simple Beams, 
Influence lines—Shear and Bending, Miscellaneous 
Examples, etc. 

It is well indexed under its various sections, in addition 
to which a separate index is provided giving the examina- 
tion papers set during each year (1938-1948 inclusive). 

The book should prove invaluable to students pre- 
paring for the London B.Sc. examination previously 
mentioned, also for those studying privately for the 
A.M.1.C.E., A.M.I.Struct.E., or R.I.B.A. Examinations 
since the basic principles involved in many of the 
questions are of a similar character. 


_ It will also be found suitable as a reference book by 
students desirous of making a quick revision prior to 
their sitting for any of the above examinations, espec- 
cially for those who have had to recently concentrate 
on other subjects and wish finally to make a refresher 
study. 

_ The book is of convenient size, its price is considered 
attractive, and should be within the means of most 
students ; a fact which often has to be borne well in 
mind. 
i ASE, 


_ Der Stahlbeton, by R. Saliger, 7th Edition. (Vienna, 
Deuticke, 1950.) 644 pages, 6 in. by 93 in., 670 figures. 
_ This is, generally speaking, one of the best text- 
books on reinforced concrete which should be of interest 
not only to the student but also to the designer and 
research worker. As in former editions, the material is 
clearly presented and illustrated, and contains a survey 
On research, theory and practice, and a considerable 
part dealing also with the design of rigid frames. The 


new edition embodies studies on the development of ° 


high strength material, particularly work-hardened 
steel, on the formation and widths of cracks and on the 
plastic behaviour of reinforced concrete at failure. 


_ There are, however, some points to which certain 
Objection must be made in spite of the lucidity of 
presentation. Firstly, the survey on investigations is 
not quite complete with regard to high strength materials 
bond resistance and formation of cracks, since there 1s 
no reference to most of the work on these subjects by 
certain experts which must be known to the author 
(e.g., that of the late F. v. Emperger, Hon.M.1I.Struct.E.). 


- Secondly, certain assumptions have been made about 
ne distributions, and Saliger derives therefrom a 
theory indicating the width and spacing of cracks under 
definite loading. This is shown as an exact solution, 
yhile it is in fact only an assumption which will agree 
ith the actual behaviour in certain instances. The 
thor shows the influence of plastic behaviour on 
ilure in an impressive manner ; however, everything 
based on his own, rather complicated theory, based 
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on certain assumptions, while Whitney in America 
suggested a very simple approximation apparently just 
as suitable as the author’s more theoretical solution. 
Whitney, however, who published his method in the 
same year as the author (1937) is only mentioned in 
the bibliography. 

Further, as in former editions, the author, as a keen 
nationalist, replaces many words, having foreign roots, 
by newly created German expressions ; e.g., instead of 
‘‘ exzentrisch ’’ (eccentric) he uses ‘‘ ausmittig,”’ instead 
of “elastisch ”’ (elastic) he uses “‘ federnd,” or “ plas- 
tisch ”’ (plastic) is mostly referred to as ‘‘ bildsam’’. 
By omitting words of Latin or Greek origin which 
represent common links between various languages in 
scientific publications, the author prevents many 
readers from easily understanding the essence of the 
matter. On the other hand, some of these international 
words have already been reintroduced in the 7th Edition 
such as “ symmetrisch ’’ (symmetrical), which Saliger 
previously called “ spiegelgleich ’’ (mirror-equal), and 
it may therefore be hoped that the author will in future 
employ other internationally recognisable words and 
not limit artificially the use of his book. 

PW, A 


Sewage Treatment: Design and Specification, 
by L. B. Escritt. (London, The Contractors Record 
and Municipal Engineering, 1950). 257 pages, 94 in x 
6 in. 30s. 

With the publication of this volume the author has 
fulfilled his desire of producing a complementary work 
to his “‘ Sewerage Design and Specification.” 


The subject is dealt with in a most comprehensive 
manner and presents the designing engineer with a 
great deal of useful practical data in a most readable 
form. The needs of the student are by no means over- 
looked, being well catered for by descriptions of plant 
and processes in general use. 


The selected subject matter is modern, its treatment 
clear and concise, and the usual historical preamble has 
been dispensed with. Structural design is not introduced 
and the book is essentially non-mathematical, the only 
exception being an example calculation for a percolating 
filter scheme. There is, however, no lack of the more 
vital facts and figures necessary for the successful design 
of sewage treatment works, such as ideal rates of flow 
for almost any stage of a scheme and the capacities 
for all types of equipment. 


The author has given particular attention to detail 
in the chapters on sedimentation, sludge treatment and 
percolating filters, and in the latter attempts to con- 
solidate the findings of the Royal Commission on 
Sewage Disposal by giving rates of treatment for 
medium-to-coarse filter media. 


Activated sludge treatment occupies very little space, 
this being limited to an introductory description of 
the various proprietary processes and systems. The 
reader interested in less spectacular projects, however, 
will appreciate the chapter devoted to isolated buildings 
and small communities and be warned of the dangers 
in cesspool design. 


Although quite useful, too much should not be 
expected of the three end chapters on specification, 
the rather brief handling of which scarcely justifies such 
a degree of equality with “ Design” as is implied by 
the title. 

The book is well illustrated with detailed drawings 


and plates of actual works. 
Li te: 
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The Economic Design of Rectangular Reinforced 
Concrete Sections, by T. P. O’Sullivan. (London, 
Pitman, 1950). 84in. x 54 in, 76 pages. 12s. 6d. 


In major structures of the portal or arched type, 
the variation, both in magnitude and position of the 
line of thrust is often so great as to involve an enormous 
amount of calculation, if the most economical arrange- 
ment of reinforcement is to be achieved. Whatever the 
eventual detail of the cross-section, final calculations 
of stress must be based on an assumed arrangement 
and quantity of reinforcement, and to decide this 
curves are most helpful. 


The author has analysed the wonten of stress which 
occurs as the eccentricity of a load changes from nothing 
to infinity, that is, pure bending, and derives the 
formulae for each of a number of “‘ phases ”’ in accordance 
with normal assumptions as this change proceeds, 
the equations being so stated that the majority can 
be plotted as straight lines; consequently the reader, 
using his own particular data, can plot them with com- 
parative ease. 


One point to which the author calls particular 
attention is the fact that it may be possible in some 
cases, if the eccentricity of the load is virtually constant 
and certain, to achieve appreciable economy by the 
use of reinforcement on one side of the cross-section 
only. 


There are one or two minor errors which will, no doubt, 
be amended in subsequent editions. For instance, the 
numerical values of percentages stated on Figs. 23, 24 
and 25, and it might be advisable to clarify the statement 
as to the purpose of the study, particularly item (d). 


PGBs 


Fortschritte im Stahlbeton, by Professor R. 
Saliger. Vienna, 1950. 138 pages. 


Last year’s new edition of the author’s textbook was 
amplified by more recent theories of creep, plastic flow 
and pretensioning, restating the validity of his 1936 
design method based on the plastic theory. The present 
report is based on the results of ten years’ research and 
practice in concrete and steel, the first part dealing with 
a comparison of cold-worked steels. Among these, 
TOR steel, which now constitutes about 80 per cent. 
of the total consumption in Austria, in an improved 
shape devised by Saliger himself, shows the best results. 


Tests by Dr. Hajnal-Konyi (1943) show that the so- 
called yield point and the ultimate stress of square bars 
can be raised through cold twisting by over 80 per cent. 
of the figures for untwisted steel. Saliger submits that 
his slightly ribbed round bars can be improved by 
100 per cent. and over, through twisting against one 
fixed end. The improvement increases inversely with 
the angle of twisting of a straight bar from go° down 
to 25°. . (Square bars were twisted to about 33°). 
Hardness diagrams reveal a more even distribution of 
improvements in TOR steel; toughness, ductility and 
workability were also tested. He claims that the 
advantage of cold working, lost through reheating in 
a welded joint, can be regained by subsequent re- 
twisting. 


High quality concrete, the corollary of improved 
steel, is dealt with in the second part of the report. 
The bursting action of non-prismatic steels in concrete 
is explained. A reasoned explanation of the resistance 
to slipping of steels at high tensional stress is given. 
The paramount importance of the spacing of reinforce- 
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ment is emphasised, and the width of concrete cracks 
is related to steel percentage. 

The superiority of TOR steel may be disputed y 
competing steels. However, this well documented report 
is stimulating reading. The ample local and Swiss 
bibliography includes some English and U.S.A. con- 
tributicns. 

P. M. Ta 


Explanatory Handbook on the B.S. Code of 
Practice for Reinforced Concrete (CP.114 : 1948), 
by W. L. Scott, W. H. Granville and F. G. Thomas) 
(London, Concrete Publications). Price gs. 


This handbook follows the lines of the Explanatory 
Handbook on the D.S.I.R. Code (1938) prepared by 
the first two authors of the present book, its aim being 
to explain and amplify the Code of Practice for the 
Structural Use of Normal Reinforced Concrete (1948) 
drafted by the Code Committee of the Institution of 
Structural Engineers. The latter Code has been in 
general use for two years and the Explanatory Handbook 
provides much valuable supplementary information for 
the practical designer and for the student. 


The clauses of the Code are reproduced in their 
entirety, the author’s explanatory matter being inter- 
spersed as required. The section on Design Considerations 
occupies some two-thirds of the book and contains, 
among other valuable information, some very practical 
tables, giving bending moment coefficients for con- 
tinuous beams and for various arrangements of con- 
tinuous panels and also permissible loads for a range 


of square and octagonal columns. 
This Handbook should prove a popular and value 


addition to the Code. 


An Introduction to Distribution Methods of 
Structural Analysis, by R. W. Steed. (London, 
Pitman). 116 pages, 8? in. x 5% in., 140 illustrations. 
12s. 6d. 


This little volume deals principally with the applica- 
tion of the moment distribution method to continuous 
beams and simple portal frames. As an introduction 
to the subject, the book will be of value to engineering 
students and to engineers who have not previously found: 


the time to master the Hardy Cross method. , 

V 

Minor criticisms apart, the text has been carefully 
and clearly written, and the diagrams well presented. 


As the author points out in the preface, no student 
is likely to understand fully moment distribution 
witbout having first gained confidence with the solution 
of problems relating to fixed beams. The first chapter 
has, accordingly, been devoted to the detailed calcu- 
lation of end fixing moments. Some of the rules and 
formulae given in this chapter have not been derived 
by the most direct means, and with a strange incon- 
sistency, the bending moment diagrams are drawn below 
the base line, whereas in later chapters they appear 
above. 


The chapters dealing with continuous beams and 
portal frames are more lucid, and the general principles 
of the distribution method are clearly shown by a 
number of worked examples. The calculation of sway 
moments is explained in detail, emphasis being rightly 
placed on the importance of a sign convention. Exampl 
showing the use of some of the well-established “ short 
cuts’’ might well have been included, particularly 


when considering symmetrical portal frames. 
C. Hae 


> 
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The Analysis of Single-Storey Multi-Bay 
| Gabled Rigid Frames 


By A. J. Francis, M.Sc., Ph.D., A.M.I.C.E., A.M.1.Struct.E. 


Abstract 


Gabled rigid frames are becoming increasingly 
common in single-storey factory construction, but where 
there are two or more bays the analysis by the usual 
methods of structural theory presents considerable 
difficulties in computation. This paper presents a 
method, based on the general conception of moment 
and thrust distribution, which greatly simplifies such 
problems. It is particularly advantageous where the 
structure consists of a large number of bays, where 
the roof members are in ‘several straight portions or 
are curved, and where the members are of variable 
cross-section. It is also applicable to multi-span 
portal frame bridges. 


Introduction 

Multi-bay gabled rigid frames are being increasingly 
adopted for single storey factory construction, and 
it has been shown in a recent paper to the Institution? 
that their use generally leads to an economical design. 
[hey are, however, difficult to analyse by the classical 
methods of structural theory, a fact which may well 
be an obstacle to their more general use. If, for instance, 
the method of slope-deflection is applied to the frame- 
work shown in Fig. I(a), then except in the symmetrical 


Fig. 1 (a) 


case the analysis leads to eleven simultaneous equations, 


the solution of which is a very laborious process. If . 


the moment-distribution method is employed in the 
manner described by Matheson?, the degrees of freedom 
of the structure. being considered separately, the 
problem is simpler, but there are still four simultaneous 
equations to be solved before the bending moments 
in the members due to loads on the frame are obtained. 
_ The writer has shown elsewhere® how certain problems 
on complicated rigid frameworks involving multiple 
sway may be solved by the moment-distribution method 
in a single distribution table, no simultaneous equations 
being introduced. The procedure for the analysis of 
Single-storey multi-bay gabled frames, which is given 
in the present paper, is similar in principle but involves 
the direct distribution of horizontal forces as well as 
of moments. The fundamentally similar problem of 
he multi-span arch on elastic piers has already received 
ome attention in the U.S.A., notably from Hardy Cross* 
nd Hrennikoff*, Cross’s treatment being preferable 
© that of Hrennikoff. The writer's procedure differs 
rom these in certain respects, particularly in the manner 
which horizontal forces are distributed. 


It is assumed that the behaviour of the structure 
under consideration is elastic, and that deformations 
due to axial and shearing forces may be neglected. 


Procedure 


The method is best described by reference to a 
particular framework. - Consider the three-bay frame 
shown in Fig. 1(a), and let the roof of the middle bay 
be loaded in some way. 

The frame is split up into the components shown 
in Fig. 1(b), the three members DJ, JK and KA, the 
two members AL and LB, and so on, being considered 
as single composite members. This greatly simplifies 
the problem, since it is now only necessary to consider 
the equilibrium of two joints—A and B—instead of 
eight when, for instance, the slope-deflection method 
is employed. 

1. The joints A and B are first restrained by external 
moments and forces against rotation and translation, 
and the fixed-end moments and thrusts at A and B 
due to the applied loads are calculated by the elastic 
centre method described later. 

2. The fixed-end horizontal thrusts at A and B are 
removed and 4 and B are allowed to translate without 
rotation. 


M 
K pod - 
3 a B 
D L L G 
Fig. 1 (b) 


3. Owing to the translation of A and B, moments 
are set up at the ends of the members meeting at each 
joint. There is now at each joint an unbalanced moment 
preventing rotation, equal to the algebraic sum of 
the original fixed-end moment and the moments induced 
by the translation of the joints. A and B are now 
allowed to rotate one at a time, without further translation, 
until the unbalanced moment at either joint is 
negligible. 

4. The rotation of each member produces restraining 
forces at A and B. The vertical components of these 
forces are carried directly by the columns, but the 
horizontal components are unbalanced. The unbalanced 
horizontal force at each joint is now removed and the 
joints are allowed to move sideways without rotation, 
as in Step I. 


5. The unbalanced moments set up at each joint 
in Step 4 are distributed as in Step 3. 

The process of alternately allowing the joints to 
translate and rotate is continued until the residual 
(unbalanced) moment and horizontal force at each joint 
are negligible. The moments at the ends of the members 
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meeting at A and B are then obtained by adding all 
fixed-end, translation, balancing and carry-over moments 
introduced during the analysis. 


Symbols 

E Young’s Modulus. 

rf relevant moment of inertia of a member (or 
of element of member). 

s : length of member. 

ss: element of length of member. 

L : horizontal length of member. 

%,y : co-ordinates of element of member referred to 
rectangular axes Ox, Oy through 0. 

3s 

-— elastic weight of element. 

vial 

Ww elastic weight of complete member. 

O elastic centre of member (i.e. the centroid of its 


elastic weight). 


78s 
de = y—— 
( EI 
x* 8s 
1, ( - :—) 
EI 
xy ds 
- ( = 2) 
EI 
ihe ; Ix — I*xy/Ly 


Ty! to Ty ST ay Ts 
ou) 3. Riot VEO 


moment of inertia of elastic 
weight of member about a 
horizontal axis Ox through O. 

moment of inertia of elastic 
weight of member about a 
vertical axis Oy through O. 

product of inertia of elastic 
weight of member about axes 
Ox, Oy. 


Fig. 2 (a) 
6 +. tan7} Isy/Ty 
x, y: co-ordinates of mid-point of a straight portion of 
member or co-ordinates of centroid of a 
u/EI diagram. 
ee be awetGe applied loads. 


u : bending moment due to applied loads. 

H,V andR horizontal, vertical and resultant forces, 
respectively, applied to one end, or to the 
elastic centre, of member. 


M : moment applied to the elastic centre of member. 
Mga : moment applied by the joint B to the end B 
of member AB. 


u ds 
A ( te —| : area of a u/El diagram. 


moment of area of a u/EI 
diagram about Ox. 


moment of area of a yu/EI 
diagram about Oy. 
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®; : angle of rotation of the end B of the member AB. 
Ag : displacement of the end B of the member AB. 


I 
7 ( —— : thrust stiffness of member. 


nes 

I h? x» : moment stiffness of 
Ss (=-+—+—] end B of member 

WwW ices ls 5 AB. 


a; angle of inclination of resultant force accompany- 


ing a moment applied to one end of a member. 


Conventions of Signs 


1. A special sign convention, which is explained 
in the following, is used in the calculation of the fixed- 
end thrusts and moments due to applied loading on a 
member. 

2. In carrying out the distribution of moments 
and thrusts, the following convention of signs is 
employed : 

(a) a moment applied by a joint to the end of a 
member is positive when anti-clockwise ; 

(b) a horizontal thrust applied to the elastic centre 

of a member, or by a joint to the end of a member, 
is positive when acting to the left. 


Fixed-End Moments and Thrusts in an 
Unsymmetrical Member due to Applied Loads 


AB (Fig. 2(a)) is an unsymmetrical member, fixed 
at A and B and subjected to a system of loads P,, P, etc. 
Considering a small element of the member, of length 8s 


Fig. 2 (b) 
and moment of inertia J, the expression 3s/EJ is defined 
as the elastic weight of the element. The centroid of 
the elastic weight W of the complete member is located 
at O. Qis also termed the elastic centre of the member. 
It follows from the definition of O that, if horizontal 
and vertical axes Ox, Oy are drawn through O as 
origin, 
x 8s y 8s 
x — = © — = 0 (zero). 


EI EI 


The positive directions of x and y are as shown in 
Fig. 2(a). 

If the member AB is cut just above B, fixity of B 
may be preserved by applying to B, in general, horizonta! 
and vertical forces and a couple. It is found more 
convenient, however, to apply the necessary forces 
and couple (H, V and M) at O, instead of at B, and it 
may be imagined that their effects are’ transmittec 
to B through a perfectly rigid bar OB fixed to the 
member at B. AB is now a cantilever fixed at A anc 
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subjected to the applied loads P,, Py, etc. and H, 
V and M. 

The bending moment y» at any point (x, y) due to 
the applied loads P is considered positive when it 
produces tension on the inside face of the member. 
The positive directions of H, V and M are as shown in 
Fig. 2(a). Then it may be shown that (Appendix I) 

A 


M=— 
WwW 
A = Mx — (Ixy/Iy) . My 


The meaning of the various symbols is explained on 
p.190. The fixed-end moments and thrusts at A and B 
may now be obtained by statics. 

In order to evaluate : 


u 3s uy 3s ‘ux 8s 
a(=: ).me( =: ) ana, (==) 
EI Laer ot § we 


imagine a diagram to be constructed along the member 
perpendicular to the plane of the paper, such that 
the ordinate at each point is u/EJ. Then A is the area 
of this diagram and Mx and My are the moments of 
this area about the x and y axes respectively. 

Taking each straight length of the member in turn, 
determine for each length the co-ordinates of the 
centroid of the u/EJ diagram constructed on it. Then, 
referring to Fig. 2(b), 

py 8s A 
Me &— = Ay +Asy,+....... 
EI 


with due regard to the signs of yi, V2, etc. My is obtained 
in a similar manner. 

If the straight lengths of the member are each of 
uniform moment of inertia, it is necessary to draw 
only the bending moment diagram, since for each 


IgI 


The second term represents the additional product 
of inertia when axes are taken through OQ. 

In all the above formulae it is most important tc 
give the x’s and y’s their correct signs according to the 
convention indicated above. 

With curved members it is necessary to divide the 
member into a sufficient number of parts and use 
graphical integration. Where the moment of inertia 
of a member changes abruptly at some point along its 
length, as is common in steel construction, the portions 
having different moments of inertia are taken separately. 


Distribution of Horizontal Thrusts 


If the member AB (Fig. 4(b)) is fixed at A, the end B 
may be given a purely horizontal displacement A 
(i.e. without rotation or vertical displacement) by 
applying at the elastic centre a force R inclined at an 
angle 6 = tan 7! Ixy/Iy to the horizontal Ox (see 


Fig. 3 


: Fig. 4 (a) 


individual length y/EJ is everywhere proportional to 
the bending moment pz. In this case also the following 
formulae for Jx, Iy and Ixy for a straight prismatic 
member of length s apply (see Fig. 3): 

s 


& + Vive ste V2? ) 


] 
| : 
Moe Se (stant 
3EL 


I he as, 


Ss S 


xy’ +—. xy 
EI 


anG xy = 
12EI 

n the formula for Jxy, the first term represents 
e product of inertia of the length about its own 
astic centre (its mid-point) and is positive when the 
pe of the length, dy/dx, is positive, and vice versa. 


Fig. 4 (b) 


Fig. 4 (c) 


Appendix II). The horizontal component H of this 


force is given by 
A 
Het SeaT A 
Ix} 
where T is defined as the thrust stiffness of the member. 
The moment produced at B by this force R is H.h. 
For members having a vertical axis of symmetry, 
Ixy and therefore ® are equal to zero, and 
A 
Rea. 
Ix 
Now consider a three-bay frame (Fig. 5). Let joint A 
be given a displacement A, to the right, without 
rotation. If B is prevented from moving, .then this 
displacement of A can be produced by applying, at 


the elastic centres of AKJD, AE and ALB, forces 
R,, R, and R;, whose horizontal components are H,, 
H, and H, respectively. Then 
sth. jakemelal: 
— = — fANYAS 
Te Php pe ILA 
Vakeeslaley 6b cols Pmey Days a barh vere 

The total horizontal force H is the sum of H,, H, and 
H,, and divides between the three members in the 
ratio of their thrust stiffness ; H,, for instance, is equal 
to H.T,(7,+ T, + 7;). 

B is not, however, fixed, but is also permitted to 
translate without rotation, and the effective thrust 
stiffness of ALB is thereby reduced. The two members 
BF and BHMCG, whose thrust stiffnesses are 7, and 7; 
respectively, must deform by the same amount at B, 
and their combined thrust stiffness is therefore 7, + 7. 
Since the force H, carried by ALB is transmitted to B 
and thence to BF and BHMCG, the displacement Ag 
of B is H;(T, + T;) and H,; divides between BF and 
BHMCG in the ratio 7,:7;. Now A moves a distance 
H/T, to the right relative to +5,\\so thatthe wtotar 
displacement of A is 


iets lake it I 
oe =H, (= 4). 
ta eee rg Sek gee ig aoa 
If the reciprocal of the thrust stiffness is termed the 
thrust flexibility, the expression in brackets above is 
the sum of the. flexibility of ALB and the combined 
flexibility of BF and BHMCG. The effective thrust 
I 


stiffness of ALB therefore becomes it a 

peels 

Diet ete ah 

Denoting this by 7,’, the H’s are now in the ratio 
Vik eom shee elt lhe EOP eo IE! 


Fig. 5 


If there were another bay to the right of C, as shown 
dotted in Fig. 5, and the individual thrust stiffnesses 
of BHMC, CG and CH were T,, T, and T, respectively, 
the effective thrust stiffness of the part of the frame 
to the right of A, with A, B and C permitted to translate 
without rotation, would be determined as_ follows. 
The combined thrust stiffness of CG and CH being 
T, + Ts, the effective thrust stiffness of BC would be 

I 


reduced from 7, to} 1 I Denoting this 
1 
Pe Dy ets 
by T,’, the effective stiffness to the right of A 
I 
would then be} I ! 
he I ae 5 


In this manner the effective thrust stiffness of any 
portion of a multi-bay frame may be determined. 

Now suppose ALB to be loaded in such a manner 
that when A and B are initially held fixed there is 
a fixed-end horizontal thrust + H at A (i.e. acting to 
the left) and zero horizontal thrust at B. It will be 
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recalled that in Step 2 of the method the fixed-end 
thrusts are removed and A and B are permitted to 
translate without rotation. The effect of removing the 
fixed-end thrust at A is the same as if a force — H 
were superimposed upon it. It has been shown above 
how to find how this latter force divides between the 
members. When this has been done the moments 


_ produced at the ends of the members by the translation 


of the joints may be calculated. 

Normally, the applied loading on a member such as 
ALB causes fixed-end thrusts at both ends of the 
member. It is best, however, to consider the fixed-end 
thrust at B independently of that at A, and determine 
the effects of releasing them separately, the results 
being combined. 

An unbalanced thrust at a joint may, alternatively, 
be distributed by allowing only one joint at a time 
to translate. This method involves less preliminary 
calculation, but the relative proportions of columns 
and roof members in factory frames are usually such 
that the rate of convergence is very slow. The writer 
has found the direct method of distribution outlined 
above much more convenient and rapid. 


Distribution of Moments 


The end A of the unsymmetrical member AB (Fig. 6) 
is fixed, and the end B is free to rotate but is prevented 


Fig. 6 


from displacing. If an anticlockwise moment Mga 
is applied to B, then it may be shown (Appendix ITI) 


JE h? Xp? 
that Mpa = Op (— = Speraa —) = Sz. Oz, 
W I's ‘Ly 
®, being the angle of rotation of B under the moment 
Mya. Sp is defined as the moment stiffness of th 
end B of the member. / and x» are as shown in the 
figure. 
To prevent translation of B, it is necessary to apply 
a force R at B. This force is inclined to the horizonta! 
at an angle « where 
RIxy + xvIx 
tan « = ——_______, 
hy 
The positive direction of « is downwards to the left 
as shown. The line OQ is inclined to the horizontal a 
an angle @ ( = tan-! Ixy/Iy), OQ lying in the 
quadrant if Ixy/Iy has a positive value. . The vertica 
distances k and h are positive if P and Q are above B 
The horizontal component of R is given by 
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Sarl = = 

If this expression is positive, R acts to the left. 
If Q is below B, however, then / is negative according 
to the above convention and # then acts to the right. 
_ The moment produced at A (the carry-over moment) is 

Mas = — (Mz, + H. (4 — L. tan a)). 

In members which have a vertical axis of symmetry, 
A and B are on the same level, Jxy and 6 are zero, and 
the above expressions become 


earthen (Ley ie 
Msa = ( 4 ae )- 9m tan « = —— 
aes Ty 2h1y 


Mepah Ee 
La (x ). 


Fig. 7 
In the simplest form of roof member, shown in Fig. 7, 
the sides are frequently of equal uniform moment of 


inertia J. Then with the symbols shown in the figures, 
25 sa* si 


The thrust stiffness T = 61/sa?, 
and for a moment Mg, applied at B, 


Fl. O6Mepa 
Se —— = : 
2s 7a 
a Map 
tan « = — and Mga = — , 


7 
The factors for the end A are the same as those for 
and B. 
The general formulae for a member pinned at A 
ire the same as when A is fixed. 


The application of the method is illustrated by two - 


=xamples. 


Example 1 


The symmetrical two-bay rigid-jointed frame shown 
in Fig. 8 is fixed at the bases of the columns. The 


10 kips/ foot horizontally 
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material of the members is the same throughout, and 
E will be taken as unity. The relative moments of 
inertia of the members are given in circles. AB and 
AC carry a uniform vertical load of 10 kips per foot 
horizontally. In the analysis, DB, BA and AC, and 
similarly D’'B’, B'A’ and A'C are regarded as single 
composite members. It is therefore necessary to consider 
only the equilibrium of joint C. 


Properties of the members (Fig. 9) 

Table I contains the principal dimensions and derived 
properties of members DBAC and CE. Those of 
D'B'A'C and DBAC are identical. Considering DBAC 


Member CE 


Fig. 9 


and taking moments of the elastic weights about a 
horizontal axis through D, to obtain the position of 
the elastic centre O, 

6.33. 8-+- 12.64. 18 + 12.64 x 18 = 31.61yp, 

from which yp = 16.00 ft. 

Similarly, by taking moments about DB, 

xD = 9.62 ie 

O now becomes the origin of co-ordinates. In Table 1 
the co-ordinates of the ends of DB, BA and AC, working 
from D round to C, are recorded. For DB, x, is the 
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Fig. 10 


co-ordinate of D, x, that of B, and so on. Using the 
expressions previously G@leuniccal CS The Ti AT Wi 
T, tan 9, h, k, S, the horizontal component of the thrust 
accompanying a moment applied at C, « (the inclination 
of this thrust) and the carry-over factors to D and E 
are then worked out. Substitution in the formulae 
is automatic, but care must everywhere be taken of 
the signs of the «’s and y’s and other dimensions. The 
properties of the member CE may actually be obtained 
more simply by slope-deflection methods, since the 
member is of uniform cross-section. Columns carrying 
crane loads, however, are frequently of varying cross- 
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Table 1 (part) 


section, and the null-point method is then to be preferred. 

An unbalanced thrust at C distributes between 
DBAC, D'B'A'C and CE in the ratio of their respective 
thrust stiffnesses T, giving the thrust distribution 
factors for the three members entered at the beginning 
of the distribution table (Table 3). The moment 
distribution factors are obtained from the moment- 
stiffnesses of the members in a similar way (see also 
Table 3). 


Fixed-end thrusts and moments at D and C due to .the 

applied loading on DBAC 

The bending moment diagrams (all negative) due to 
the loading on DBAC, which is considered as a cantilever 
fixed at D, are shown in Fig. 10. These diagrams must 
be imagined as standing on the member perpendicular 
to the plane of the paper. The diagrams (b) and (c) 
on BA represent the moment produced by the loading 
on AC, and diagram (d@) the moment due to the loading 
on BA itself. (It is convenient to split up the complete 
diagram for BA in this way into simple figures whose 
properties are known: the area of a parabola-like 
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Table 1 (cont.) 


diagram (d) is one-third the area of the enclosing 
rectangle and its centroid is at a distance three-quarters 
of the base from the apex). 

The calculations for H, V and M are set out in Table 2 
H is positive (i.e. it acts to the left). The fixed-enc 
horizontal thrust at C is, therefore, positive and equa) 
to H, while the thrust at D is —H, since tnere aré 
no other horizontal forces on the member. M is negative 
i.e. according to the sign convention adopted in deter 
mining H, V and M it acts in an anticlockwise sense 
In finding the moments at C and D, it is necessary t¢ 
use the sign convention adopted in the distributior 
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able (a positive moment is anticlockwise). 
noments about C, 

Mea = + 1,342 — 121.8 X 14.38 = — 411 kip. ft. 
_ Cutting the member just above D and taking moments 
ibout D, 

Moz + 1,342 + 121.8 X 9.62 + 43.1 X 16 —2,880=0 
rT Mops = — 321 kip. ft. 
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Table 2 


Distribution of moments and thrusts (Table 3) 

Step 1. The external loading is applied to DBAC 
ind C is held fixed by applying there a horizontal 
hrust of + 43.1 kips and a moment of — grr kip. ft. 
The necessary vertical force of 121.8 kips is carried 
lirectly by CE.) 

Step 2. The horizontal thrust at C is removed and 
he joint is allowed to translate without rotation. 
[o balance the fixed-end thrust of + 43.1 kips, forces 
ire applied, at the elastic centres of the three members 
DBAC, D'B'A'C and CE, such that their horizontal 
omponents total — 43.1 \kips and are in the ratio 
# the thrust distribution factors of the members (line 7). 

Step 3. The balancing forces, applied to the centroids 
of the members and inclined at angles tan ~! Ixy/Iy to 
the horizontal, produce moments about C, D, D’ and E. 
[hese moments are the horizontal components H of 
he balancing forces times the appropriate value of 
? (line 5). There is now an unbalanced moment of 
— 258.6 kip. ft. at C. The joint is allowed to rotate 
without translation and the unbalanced moment 
listributes among the three members in the ratio of 
heir moment distribution factors (line 10). The 
alancing moment at the end of each member produces 
1 carry-over moment at the other end of the member 
Jine 11). 

Step 4. The balancing moments at C are multiplied 
dy the appropriate factor in line 3 to give the horizontal 
somponent of the thrust induced at the end C of each 
member by the balancing moment (line 12). . This 
fives a resultant unbalanced thrust of — 10.63 kips, 
which is distributed as in Step 2 (line 13), by allowing 
> to translate without rotation. 

‘The balancing thrusts in line 13 cause moments 
t the ends of the members and there is once more 
n unbalanced moment of — 37.7 kip. ft. at C (line 14). 
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This is distributed by allowing C to rotate without 
translation (line 15). 

A further distribution of thrusts and moments 
is carried out, after which the unbalanced thrust at C 
is small enough to be neglected. The moments at 
the ends of the members are then obtained by adding 
up all moments in the appropriate columns. It will 
be seen that the rate of convergence is rapid. For a 
preliminary design it would have been sufficient to 
stop at line 16, and a check on the strength of the 
members could then be carried out. The solution 
agrees well with that given by Amerikian*, who solved 
this problem by the method of slope-deflection. 

The moments at other points in the frame may be 
determined in the manner given below for point B. 

With C initially held fixed, the equation 

Mea + 1,342 + 121.8 x 9.62 — 2,880 = 0 
results from taking moments about B. 
lll yy == =e 360: Kap. Tt: 

During the analysis, the additional forces and moments 
shown in Fig. rr are applied to C. Taking moments 
about C, 

Mepa+ 5.49 X 3.01 —2.72 X 26.66 + 54.8 = 0, 
from which Mpa = + 1.6 kip. ft. 
The final value of Myx, is therefore + 369 + 1.6 
= + 370.6 kip. ft. 

This problem could have been approached by splitting 
up the frame into two roof members, BAC and B’A’C, 
and the three columns DB, CE and D’B’. The determina- 
tion of the properties of the members would be much 
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simpler, but thrusts and moments would have to be 
distributed at three joints, B, C and B’, instead of 
only at C. This procedure is probably to be preferred, 
however, for frames of many bays, where the number 
of joints at which distributions are required is not 
appreciably reduced by treating the end bays as in 
the above example. 


Example 2 


The symmetrical frame of Fig. 12 is pinned at the 
feet of the columns. The figures in circles are the 
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4 Thrust Distribution Factor 
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6. Fixed -end horizontal thrust 

7 TA e/a ae Balancing thrusts 
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relative moments of inertia. E is the same throughout 
and is taken as unity. The members DB, DC, CB and 
BA are subjected to a horizontal uniformly distributed 
load of Io kips per foot measured vertically. 

In the analysis which follows, EDC, BCAB'C’, and 
C’D’E’ are treated as single composite members, and 
it is therefore only necessary to consider the equilibrium 
of two joints, C and C’. 

The properties of the members are given in Table 4. 
Considering the member EDC (Fig. 13), the elastic 
weight of the hinge E is infinite and the elastic centre 
coincides with £, which becomes the origin of co- 
ordinates. The moment carry-over factor from C to E 
is merely worked out as a check from the formulae : it 
must obviously be zero. 

Member CBAB’C’ is symmetrical about a vertical 
axis through the apex A, and the elastic centre lies 
on this axis. Taking moments about CC’ for the height 
of the elastic centre above CC’, 


Carry - over rmorments 
Final moments (£ lines 8,9,/0,11, /4,/5,/6, 19,20, 2I 
Amerikian's solution (kip.tt). 


2702 |vzsed 250-300] 20] 505 


Table 3 


Balancing Hnormerts 


8 x 6 + 32.13 X 5 +32 X13.5+8 X6=804, 
4 = 12 ft. O therefore lies on the line BB’ 

The thrust and moment stiffness formulae foi 
symmetrical members apply to CBAB’C’. In Fig. 1: 
the direction of the thrust is shown for a momen 
applied at C’.. When a moment is applied at C the 
thrust line is inclined downwards from C to the righ 
at the same angle. 

The elastic centre O of member CF coincides witl 
the hinge F. 


Fixed-end moments and thrusts for the loading on ED¢ 
and CBAB'C' 

Member EDC (Fig. 14): 

H, V and M are applied to the end C through a 
imaginary rigid bracket extending from C to 0. M: 
statically determinate, and by taking moments about C 

M + 10 X 16x%8 = 0, or M = — 1,200 Bip 
(i.e. opposite to the direction shown in Fig. 14). 
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The positive bending moment due to M (Fig. 14 (e) 
und (/f)) must be included in the complete bending 
moment diagram for EDC. The bending moment 
liagram due to the applied load is obtained by con- 
sidering the member as fixed at EL, and is split up: for 
-onvenience into the diagrams (a) to (d). The calculations 
or H and V are given in Table 5, from which 
H = + 104.6 kips and V = —16.65 kips. Then 
che fixed-end moment at C, considered positive if anti- 
slockwise, is 

+ 1,280 — 104.6 x 16 + 16.65 x 24 = + 7.5 kip. ft. 

Member CBAB'C’ (Fig. 14) : 

The calculations are arranged in Table 5. Using the 
values obtained for H, V and M, the fixed-end moment 
mG. cis 

+ 52.5 + 31.87 X 12 — 4.55 X 24 = + 325.5 kip. ft. 

Cutting the frame just above C and taking moments 
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Table 4 (part) 


about this point for the equilibrium of this portion of 
the member, 
Mares + 52.5 + 31.87 x 12 + 4.55 X 24— 1,125 =0, 
or Myce (the fixed-end moment at C) = 
+ 581.1 kip. ft. 


Distribution of horizontal thrusts at C 

The thrust stiffnesses of the individual members of 
the frame are shown in Fig. 15. Then, 

Combined stiffness of E’D’C’ 


amo’... se i. = OOS 
Combined flexibility — of I 
DC’ and C'F’ SSS 
‘ 0.001385 = 723 
a I 
MPlexibility of CBAB’C’ ... = ———— = g6o 
0.001042 
Hence effective flexibility to right of C = 1,683 
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Effective stiffness to right I 
of C ust es ee 
1,683 
= 0.0005945 
Stiffness of CF a. ih Se 0000742 


Stiffness of EDC «... .» = 0.000653 

An unbalanced thrust. at C distributes between EDC, 
CF and the part of the frame to the right of C in the 
ratio of the above stiffnesses. A thrust of + x00 
therefore divides as follows : 
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Table 4 (cont.) 


Moment Carry - Over 
Factor 


EDC CF To right of C 
+ 33.0 = 3.0 = 30.0 
The thrust of + 30.0 to the right of C distributes 
into E’D'C’ and C’F’ in the ratio of their respective 
stiffnesses, i.e. + 14.15 to E’D’C’ and + 15.85 to C’F’. 
It should be particularly noted that a thrust of — 30.0 
is exerted on the end C’ of the central roof member 
by the joint C’, since the horizontal forces at the ends 
C and C' of this member must be in equilibrium. 
The distribution of a thrust at C’ is a mirror image 
of the above, owing to the symmetry of the frame. 
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The complete distribution of thrusts and moments 
is given in Table 6. The procedure is essentially as in 
Example 1, and need not be described in detail. One 
point in connection with the distribution of horizontal 
thrusts must, however, be emphasised. When a moment 
is applied to, say, the end C of the central roof member 
and it rotates without translation, a horizontal thrust 
is exerted by the joint on the member. It must not 
be forgotten that this thrust is transmitted to the 
other end C’ of the member, where an equal and opposite 


Q 


reactive thrust is exerted by the joint C’ on the member. 
This latter thrust must be included in the unbalanced 
thrusts at C’ (see lines 26 and 40). 

The moments after three successive distributions of 
thrusts and moments are given in line 50. The agreement 
with the solution of Amerikian’ is very close. 
Deformation of the frame 

The controlling factor in the design of a frame is, 
frequently, not the maximum stress but the deformation 


Direction of thrust accompanyin 
a moment applied at Gi 
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of the frame, and particularly the movement of th 
tops of the columns, under the working loads. To obtain 
the displacement Ac of C in Example 2, above, first 
find the sum of the balancing thrusts in CF. This is 
82.5 — 13.1 — 5.0 — 2.5 — 1.6 — 0.3 or 105.0 kipsy 
Then f 
Ag = — 105.0 Ix i * . 

In working out the value of Jx for CF, the actual 
(not the relative) moment of inertia of the member 
must be used and the correct value of & for the material 


h=+600 
Cc 
K-16 ksh 
--/6’ 
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FOE lot 
Member CF 
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is 


must also be inserted. 


Rate of convergence 
In the two above examples, which represent frame 
of typical practical proportions, the convergence i 
seen to be rapid. Only when the columns are ver 
slender compared with the other members does th 
rate of convergence become slow. As an extreme cas¢ 
Example 2 was worked out with columns having 
relative moment of inertia of 0.1 instead of I as in th 
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Example. It was found that seven successive distribu- 
tions of thrusts and moments were then required for 
a satisfactory solution. In most practical problems, 
however, three successive distributions should be 
sufficient. 


Influence line for moment at a point 

To find an influence line it is first necessary to 
determine, by a number of separate analyses, the 
moment at the point due to (a) unit thrust and (d) unit 
moment applied at each, in turn, of the joints where 
distributions are necessary. A unit load in any position 
on one of the members of the frame will produce 
fixed-end thrusts and moments at one or two of these 
joints, and these moments and thrusts can be expressed 
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elastic centres (see Appendix II). These forces produce 
unbalanced moments at C and C’, and since the force 
in EDC is inclined to the vertical it also produces an 
unbalanced horizontal thrust at C. The unbalanced 
thrust and moments are then distributed in the usual 
way. 


Appendix I 


End moments and thrusts in an unsymmetrical member AB 
with fixed ends, due to any applied loading 
Referring to Fig. 2(a) and the explanatory text 
of page 190, the bending moment m at the point (x, y) is 
m = »— M — Hy — Vx. 
Since B is fixed, the rotation and the horizontal 
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Fig. 14 


n terms of the distance x or y of the load from one end 
Mf the loaded member. By using the results obtained 
n the separate distributions, it is then possible to 
»btain the moment at the point for which an influence 
ine is required in terms of the distance x or y, thus 
siving the required influence line for unit load on the 
articular member. 


settlement of a column base 

The effect of, for instance, a vertical settlement A of 
he base F in the frame of Example 2 may be obtained 
is follows. Joint C’ is initially held fixed, and the 
members EDC and CBAB'C’ are displaced downwards 
vithout rotation by applying forces A/J,’ at their 


q 


and vertical displacements of O, which is connected 
to B by a rigid bracket, are zero. Therefore, summating 
along the whole length of the member, 


m 8s my 8s mx 8s 

x ey —— p} == 
LL BI EI 

Hence, substituting for m, 

uw 3s 3s y 8s x 8s 

x M<: Ti —-—V 3-— = 0, (7) 
EI EI ET EI 
uy 8s y 3s y*ds xy 8s 

x —— — ——H*?* Vi =O (2) 
EI EI EI EI 
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Also, by the definition of O, the elastic centre of the 
member, 


Therefore from (I), 


A 
M =— (4) 
W 
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An unsymmetrical member pinned at A 


In this case the pin may be regarded as a very short 
length of member of infinitely small moment of 
inertia. The elastic weight of the hinge, and therefore 
of the member, is infinite, and the elastic centre coincides 
with the hinge. M may be found by statics, and is 
equal and opposite to the moment of the applied loading 
about the hinge. 


Equations (2) and (3) now become, respectively, 


y 8s 8s xy 8s 
x (u—M)—-—H = V = ==. 0. wed laa 
fon § bial EI 
and 
x 8s xy 3s x* 8s 
= (u— M)—_-—H = V = ='0" ase hee 
ie, ih Deh 


The resulting expressions for H and V are the same 
as for a member with fixed ends, except that (u — M) is 
substituted for u. Mx and My are now, therefore, 
the moments of the (u — M) diagram about Ox and Oy 
respectively. p is the moment of the applied loading 
at the point (x, vy), the member being considered as a 
cantilever fixed at A, as before. 


Appendix II 


Translation of one end of a member 

Consider the unsymmetrical member AB, fixed at A 
(Fig. 4(a)). 

Let the forces required to produce a purely horizontal 
movement A of B without rotation be H, V and M, 
applied at the elastic centre O of the member. The 
moment m at the point (%, y) is 


m= M+ Hy + Vx. 
Since O is attached to B by a rigid bar, O also displaces 


an amount A horizontally without rotation. 
Hence m 3s 


x =i) one fi we 586 a (7) 


2 aay, ho jean rn 


x = 0 oie at oe a (9) 
EI 


Substituting in (7), 
3s ¥y 8s x 8s 
M x=——+ H =—+ V =—=0 
EI EI EI 
from which 
M =o. 
From (9), 
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Amerikion's solution 


Table 6 


V acts downwards if Ixy is positive, and the resultant 
R of V and H isinclined at an angle 6 (= tan-'TJx,/Iy) to 
the horizontal (Fig. 4(b)). 


Similarly, it may be shown that to produce a vertical 
movement A of B without rotation, a force R at O is 
-equired which is inclined at an angle | (= tan-! Ixy/Ix) to 
the vertical, and whose vertical component V is equal 


fo A/Iy' (Fig. 4(c)). 


The corresponding expressions for a member pinned 
ut A are the same as the above. 


Appendix III 
Rotation of one end of a member 

Consider first the case where the end A of the 
unsymmetrical member AB is fixed (Fig. 16). Let 
4 moment M’;, be applied to the end B, and let this 
snd be allowed, for the present, to translate freely. 
Then the relation between the moment M’,, and the 
rotation ©, of B is given by 


3s 
{ Dp, = M'sa D—— = M’' na. W. 
7 EI 
(x» —- x) 3s, 
_ The vertical movement of Bis M’z, = ; 
’ EI 


or M'3,. Xp. W (upwards), and the horizontal movement 


(vy + k) 8s 


Bis M'sa x or 1 Beane k. W. (to the right). 
EI 


(kip. ft) 
0:0H042 ; 
B A B 

oO 000653 Cc c 2-00065x 
D D 

0:000732 0000732 

E' 
Fig. 15 


To restore the horizontal displacement of B to zero, 
it is necessary to apply a force R,, at the elastic centre O, 
inclined at an angle 6 (= tan~! Ixy/Iy) to the axis Ox. 
From Appendix II it follows that the horizontal com- 
ponent H, of R, is given by Mga. k. W./Ix'. Similarly, 
to restore the vertical displacement of B to zero, it is 
necessary to apply at the elastic centre a force R., 
which is inclined to the vertical at an angle 4 
(= tan-! Ixy/Ix) to the axis Oy, and whose vertical 
component V, is given by M’ga. x». W/Iy’. The 


ee 
horizontal component H, is equal to Vz. — 


The angle of rotation B is unaffected by the application 
of the forces R, and R,, which produce purely horizontal 
and vertical movements of B respectively. R, and Rg, 
however, increase the moment at B to Mga, where 


Msa=M'3,+ Ai.h4+ Hak + Vain 


202 


Substituting the expressions obtained above for 
H,, H, and V, and reducing to the simplest terms, 


I = Xp? 
Mera — Maa. WwW —— _ ie + — | . 
Ww ey IG 


But Minx: W = 


Therefore 
Bg ht XB 
Maa = [a+ 65. 
Wty sols 
T h? XB 
The expression [— = + —| is termed the 
he ey ; 


moment stiffness (Ss) of the end B of the member AB. 


Fig. 16 


It is also necessary to know the value of the force R 
which must accompany Mx, in order to keep the end B 
fixed in position. The horizontal component of this 
force is H where 


H — Eis =_ jake 
Substituting for H, and H, and reducing, 
Maa. h 
io : 
Sp: FS 
The vertical component V of Ris V, + Vg, or 
3 Ixy 
V — Hy + V2. 


y 


On substituting for V, and H,, this expression reduces 


to 
Mpa Rk. Ue. > Xp. oh 
ey 
Ss I'x. Ty 
The angle of inclination of R to the horizontal is 
tan-! V/H, 


k. Ixy + Xp. Fhe L 
= tan-! | —_————__— |] (see Fig. 6). 
h. Iy 


R acts downwards and to the left if the expression in 
brackets is positive. 


The moment produced at A may be obtained by 
imagining the member AB to be cut just above A. 
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Then, considering the moment M4, at A to be posta 
when anticlockwise, the expression 


Maps SS [ 2008 a H (d— L. tan a) ] 
results from taking moments about A for the equilibrium 


of the member. Maz is known as the “ carry-over ” 
moment from B to 4. } 


If the member is reduced in cross-section for a very 
short length near A (A being fixed) it is clear that, 
although the elastic centre will move somewhat towards 
A, the validity of the theory developed above is 
unaffected. A hinge at A being regarded as a very 
short length of member of infinitely small cross-section, 
the formulae will, therefore, still apply if A is hinged, 
though it must be remembered that the elastic weight 
of the hinge, and therefore of the complete member, 
is infinite and the elastic centre is now at A. 


Conclusion 


The classical methods of structural theory, and even 
the moment-distributicn method in its usual form, 
are very unwieldy when applied to the type of structure 
dealt with in this paper. The method outlined in the 
foregoing renders the more complicated types of factory 
frames much more amenable to analysis, and it is 
hoped that designers ,will find it of assistance. Its 
advantages are most marked where the structure 
under consideration has a number of bays, where 
the roof members are built up from a number of straight 
portions or are curved, and where the members are 
of non-uniform cross-section. The frames analysed 
in the paper are, in fact, fairly simple and do not 
demonstrate the full power of the method, but it was 
convenient to choose them since the problems were 
the most complicated ones for which the writer was 
able to discover published solutions by other methods. 
It is immaterial whether the structure is symmetrical, 
as in these problems, or not. 


However complicated the frame, the solution is 
gradually approached by a process which entirely 
obviates the necessity of solving simultaneous equations. 
Every step in the analysis has a definite physical 
meaning, and the designer can see clearly how ‘the 
structure gradually assumes its final deformed shape 
under the applied loads. The ordinary to-inch slide rule 
is quite accurate enough for the calculations. 
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Prestressed Steel Structures 


Discussion on Professor Magnel’s Paper* 


THE CHAIRMAN introduced Professor MAGNEL, who 
then summarised his paper. At the conclusion, he said 
he did not claim that we had arrived at the final stage 
of the developments discussed. But, pointing to the 
necessity for economy in steel, in view of the large 
quantities needed for re-armament, he said the 
Americans were putting a lot of people out of work 
because there was not sufficient steel available for 
buildings, and so on, and in his own country and ours 
the situation would be the same. As a sound policy 
to effect saving in steel he suggested, first, that we 
should use much more reinforced concrete than steel ; 
secondly, we should use more and more prestressed 
concrete instead of reinforced concrete ; and thirdly, 
for big spans, where prestressed concrete could not 
do the job, we should try to use prestressed steel. 


THE CHAIRMAN, thanking Professor Magnel for his 
paper and for the manner of its presentation, said they 
were grateful to hear a lecture from so distinguished 
an engineer, and for the touches of humour which he 
had. brought into its presentation. One felt sure some 
of the steelwork people would be disappointed that 
they could not have what Professor Magnel had referred 
to as “‘ negative sections.’’ The subject of the lecture 
was new, and those who had not had time to read the 
paper, or who had perhaps found it difficult, had 
probably felt, after listening to its presentation, that 
it was extremely easy ; that was due to the magnificent 
way in which Professor Magnel had explained the 
problems involved. 

Whilst increased deflections might be permissible 
in some structures, one was glad that Professor Magnel 
had not favoured increased deflections for bridges, 
for that would be a retrograde step. 

(The vote of thanks was heartily accorded). 


Mr. Donovan H. LEE (Member), said that perhaps 
he had a slight advantage in that he had read Professor 
Magnel’s paper published in Belgium on the same 
subject ; and it had been most enjoyable also to listen 
to his presentation of the paper that evening. He 
believed the two papers corresponded fairly closely, 
although he had not had time to read the English one 


very carefully, and he felt the way in which the: 


fundamental basis of comparison was obtained between 
ordinary steel construction and prestressed steelwork 
was in itself indeed excellent, whatever value the rest 
of the paper might have. As some of those present 
would readily understand, he also had previously 
considered the possibilities of prestressing steelwork, 
though by using high tensile alloy steel bars instead 
of the wire Professor Magnel had used. 

| With regard to the use of 0.2 in. diameter wires, 
Mr. Lee said that to leave them exposed was to put 
us at the mercy of the electrician who crawled about 
a roof, trying to put in new electrical fittings and 
cutting away anything which obstructed him. Again, 
e use of exposed 0.2 in. diameter wires was rather 
Tightening from the point of view of corrosion. There 
ere some very polluted atmospheres in some parts 


*Read before the Institution of Structural Engineers at iI, 
ppev Belgvave Street, London, S.W.1, on Thursday, November oth, 
50, Mr. E. Granter, B.Sc., M.I.C.E., M.I.Struct.E. (Vice- 
esident) in the Chair. Published in THE STRUCTURAL ENGINEER, 

1. XXVIII, No. 11, p. 285. (November, 1950). 


of this country—although, from the little experience 
he had of Belgium, he felt that Charleroi might equal 
Widnes—and it would be interesting to hear Professor 
Magnel’s comments concerning the protection of such 
wires against accident and corrosion. 

The results, however, when considered in the overall 
way of result in comparison with cost, were not so 
favourable as the results obtained from Professor 
Magnel’s fundamental comparisons and the graphs 
which he had shewn. And, in fact, it did not make 
much difference whether it was hard-drawn plain 
carbon wire or alloy steel bars which were used. Taking 
for example an ordinary steel lattice girder which would 
need seven square inches of cross section of mild steel in 
the bottom boom, and say ten square inches in the top 
boom, Mr. Lee showed, by diagrams, that this could be 
replaced by a prestressed mild steel bottom boom of 
2.8 square inches with 0.625 square inches of high 
tensile steel in two bars, one each side of the bottom 
boom and working at a stress of 42 tons per square inch. 
However, while the saving of weight was quite con- 
siderable, the deflection was increased 50 per cent., and 
the saving in cost, by the time the end connections 
had been made and the prestressing done, was about 
nothing. There was no advantage to be obtained to 
the compression flange, while if for example the pre- 
stressing steel was situated below the bottom boom, 
some small benefit could be obtained to the compression 
boom by induced tension from the prestressing, but 
the overall depth of the girder would be increased. 
Of course, where the girder itself had a dead weight 
which was quite large in relation to the load it carried, 
the saving of weight of the girder itself would lead to 
some saving of load which Professor Magnel had shown 
could be cumulative. 

Referring to Professor Magnel’s fundamental com- 
parison, Mr. Lee suggested that on the first graph 
there was a mistake in the scale. 


Professor MAGNEL said that he had noticed it. 

Mr. Lee said he presumed that the comparison was 
a fundamental one between a latticed girder prestressed 
and one which was not prestressed. In the case of the 
girder not prestressed it was assumed that the top 
and bottom flanges were the same throughout ; that 
was of course contrary to usual practice, which was 
that the top and bottom booms would be built up 
as the bending moment built up. Mr. Lee wondered 
whether that would invalidate some of the graphs. 
He had noticed that there was apparently no saving 
in cost if the initial cost of the wire was more than 4/1. 
It therefore appeared important not to overlook in- 
cluding the labour cost of prestressing in with the wire. 

Of course, he agreed that, where there was little 
live load, there was best opportunity to benefit by 
prestressing, whereas, if there was a high ratio of live 
load to total load, deflection was a trouble. For example, 
he could not imagine the use of long span prestressed 
lattice girders in Canada or the United States, where 
a snow loading of 40 lb. per sq. ft. was often assumed, 
because the weight of the girder itself became almost 
insignificant in that case. 

With regard to the 500-ft. span latticed girders, 
he said it appeared quite impossible for us to do this 
at a depth/span ratio of 33/1 in structural steel. But 


204 


it seemed that in aircraft hangar design, if the roof 
were raised from say 22 to 32 feet it did not add a lot 
to the cost ; therefore, he asked why Professor Magnel 
assumed that there should be a depth of only 15 ft. 
Perhaps if he admitted it might have more height, it 
would benefit prestressed steelwork even more than 
conventional construction, as it would reduce the 
deflection more. 

Deflection became most serious immediately the 
live load was any substantial proportion of the whole. 
We should not have latticed girders and camber them 
up, and then, when there was a fall of snow, find that 
they bowed downwards; he had known trouble to 
arise with conventional steelwork roofs of hangars, 
due to distortion during gales. 


Professor MAGNEL, referring to Mr. Lee’s comments 
on corrosion, said the problem existed, but he was 
expounding the principles independently of the diameter 
of the wires. They were making high tensile wire 
up to a diameter of 4-in., which was already much 
better from the point of view of corrosion. Also, the 
system he had explained could be applied by using 
alloy steels up to 3 in. diameter, if one cared to do 
that. He had a small laboratory team to check the 
theory. He had never dreamed of making things such 
as Mr. Lee had in mind in aggressive atmospheres ; 
in such atmospheres it was necessary to paint the wire, 
just as one painted tubes, and so on. 

Mr. LEE, repeating his point concerning the graphs, 
said he was concerned about the stopping off of plates 
at the top and bottom booms. In other words, the 
section of a latticed girder became smaller as the moment 
became smaller, but in the graphs it was assumed to 
be constant. 


Professor MAGNEL agreed and said that in his graphs 
he was also providing very big economies; even if 
they were halved we should still gain something which 
from the practical point of view was quite interesting. 

With regard to the 15 ft. depth of beam for the 
hangar, he said that that was chosen for reasons which 
had nothing to do with economy. The specification 
asked for hangars of 250 ft. span, and the beams and 
girders were not to be of more than a certain height, 
and one had to stick to that height, although the work 
could have been done more economically. 


Professor R. H. Evans (Member) said he was glad 
to have been responsible for Professor Magnel’s presence 
on that occasion. It had been his privilege to see the 
erection of the girder described in the paper, and he 
had taken advantage of the opportunity to ask 
Professor Magnel to come to London ; and the Professor 
had agreed. The matter was put to the Secretary, 
and the Institution had made arrangements for the 
visit. 

The first paper in this country on prestressed concrete, 
he recalled, had been presented to the Institution in 
1930, and now the Institution had the privilege of the 
first paper on prestressed steel. Professor Magnel 
had certainly indicated the principles of prestressed 
steel very clearly. 

With regard to the first girder, when the bottom 
boom was prestressed, Professor Evans asked what 
was the magnitude of the stresses induced in the other 
members ; there must be some effect, owing to the 
rigidity of the riveted joints. In the case of the second 
girder, this question would be more important and the 
stress analysis due to prestressing should take into 
account the rigidity of the welded joints. 

Again, in the first girder buckling was impossible, as 
the wires were positioned in the bottom member. In 
the case of the second girder he was not sure whether 
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there was just a parabolic cable from the centre point 
right up half way to the end of the girder. He asked 
what looked after buckling in that case, and whether 
it was due to the wires being positioned in suitable 
brackets attached to the web members. | 

As had been pointed out by Professor Magnel, the 
benefit arose when the dead load was high compared 
with live load. He asked what was the limiting span. 

In connection with strain gauge measurements, he 
said that quite a lot of work had been done at Leeds 
on girders and trusses, and the experience there was 
that the stress distribution across the flanges was 
nothing like so variable as was indicated by Professor 
Magnel’s graph. He asked whether, in Professor Magnel’s 
work, the strains had been measured on both sides, 
because at Leeds it had been found essential to record. 
the average strain. Strain measurement on one side 
could result in a very serious error. 

Many engineers, he continued, would be pleased to 
know the relative positions of prestressed concrete and 
prestressed steel in the case of, say, hangars and he 
asked if Professor Magnel could give an indication 
of the relative costs. 

Finally, he asked for further elucidation of the type 
of structure illustrated for the hangar illustrated in 
Fig. 12. As he understood the sketch, the structure 
was a two-hinged portal but no -diagonal members 
were shown in the two legs and he would like to know 
the reason for this omission. 


Professor MAGNEL first thanked Professor Evans 
for his kind remarks. 

Dealing with the question concerning the effect of 
prestressing the lower member of the first girder, the 
stresses induced in the other members, he said he had 
given some comparisons, showing strain gauge measure- 
ments after prestressing. Very little stress was induced 
in members other than the lower member, at least, 
where he had taken measurements. His strain gauges 
were all concentrated in the middle of the length 
between two adjacent junctions of bars, and he was 
quite sure that he had measured nowhere a stress 
greater than ten per cent. of what was in the lower 
member. So that it meant very little. 

With regard to the buckling of the second girder, 
he said that on the web of the lower member he had 
welded steel plates with holes through which the wires 
passed ; it was a vertical element, so that there was 
perfect unity between the cables and the lower member. 
The arrangement was equivalent to that made in the 
case of the first girder tested, where in the “ U”’ shape 
he had also welded steel plates with holes through which 
the cable was threaded. 

As to indicating a limit to the use of prestressed 
steel in relation to superload and dead load, he said 
it would be difficult to give a limit at present ; he had 
not thought sufficiently about it. 

But he had two sources of economy. The first source: 
was in the fact that he was replacing section A in mild 
steel by Ar and Ac, the weight and cost of which was 
small. He had shown in one of his first diagrams that 
the economy in cost was only about 13 per cent. Then 
he had pointed out that the 13 per cent. became much 
higher, when we took into account that the forces 
acting on the whole beam became smaller. When the 
lower member became 33 per cent. lighter by reason 
of. the use of prestressed steel there was an economy 
of II per cent. in the weight of the girder; when an 
additional load of 0.25 per cent. was to be added, the 
Ir became 38 per cent. economy in weight. If a loac 
equal to the dead load were added, the 11 per cent 
economy became 20 per cent. The second reason for 
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economy, in the total weight to be carried by the girders, 
was only of great significance when, as was nearly 
always the case in hangars, the beams were very close. 
The problem of comparative tests was always very 
difficult where there were not comparative standards. 
For prestressed concrete he could give very accurate 
figures based on experience in Belgium, but he was 
sorry he could not do so in respect of prestressed steel. 

With regard to hangars, he said that firstly the beam 
was made prestressed, secondly it was a portal frame, 
and thirdly the portal frame was also prestressed ; one 
of the hinges, before it was fixed after the stretcher 
was completely put up, was pushed inwards by a jack 
to give further prestress to the prestress imposed by 
the cable. 


Mr. F. WALLEY asked Professor Magnel whether he 
had considered the use of prestressing in relation to 
the reduction of secondary stresses in steel trusses. 
He had in mind a design described by Professor 
Dr-Ing. H. Rusch of a large reinforced concrete truss 
carrying a dead load moment of 13,000 ton/ft. and a live 
load moment of 23,000 ton/ft. where the secondary 
stresses amounted to 100—150 per cent. of the primary 
ones. To reduce these secondary stresses Dr. Rusch 
had post-tensioned the bottom boom. It was doubtful 
if the design could have been economically carried out 
without prestressing, and he wondered whether some- 
thing similar might be possible in steel trusses to secure 
advantages other than the ones to which Professor 
Magnel had referred. 

Commenting on the reference in Professor Magnel’s 
paper to the work on Professor Dr—Ing. Dischinger, 
he said that not every engineer had the magnanimity 
to refer to the work of other engineers in the same 
field. Dr. Dischinger had designed prestressed composite 
constructions of steel and reinforced concrete and he 
had been able to achieve something which it was 
dificult to do with either separately, whereby simply 
supported bridges could be built of spans of 300 ft. and 
continuous bridges up to 600 ft., and flat arched bridges 
ef up to goo ft. span. Mr. Walley suggested that pre- 
stressing operations might lie in that region as well as 
in steel alone. 


_ Professor MAGNEL, dealing with the question con- 
cerning secondary stresses, considered a classical girder, 
without prestressing, which was loaded to impose 
secondary stresses due to bending moments, and so on ; 
those stresses had a certain sign, no matter what it 
was. He suggested that, if we had prestressed the 


lower member, which normally was under tension, we — 


were introducing secondary stresses probably of the 
Becaite sign to the primary. So that it might be that 
the two more or less cancelled each other out, and 
the effect of the secondary stresses was small. That 
was only his impression and he could not put it forward 
as a certainty ; it should be checked. 

_ When he had written his French paper on prestressed 
steel he had not known of the earlier paper by 
Dr. Dischinger. He had since obtained it, and had 
found it difficult to read and to understand thoroughly. 
On the other hand, it was very interesting. But Dr. 
Dischinger had considered prestressed steel on rather 
ifferent lines from those on which he had studied 
the subject. Dr. Dischinger had dealt with prestressed 
composite structures, composite girders of concrete 
and steel, and it was necessary to prestress the concrete 
to be able to rely on it for the resistance of moments 
in both directions. Professor Magnel believed there 
was a future for composite concrete and steel prestressed. 
Since reinforced concrete was introduced as a practical 
method of construction, more than fifty years ago, 
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there had been patents on prestressing. There were 
such patents in the last century, but it was only during 
the last ten years or so that prestressing had become 
of general interest. There were many directions in 
which its application was possible. Only that day 
he had been told that a British engineer was thinking 
of prestressing cast iron, which was quite a sensible idea. 


Mr. S. R. Banks said that some time ago he had 
had the privilege of arranging a meeting of the Engin- 
eering Institute of Canada in Montreal to be addressed 
by Professor Magnel; and he had been so impressed 
by Professor Magnel’s abilities as a lecturer that he 
had felt he could not miss the present London meeting, 
the more so as it was to deal with so fresh a subject as 
prestressed steel. He was very interested in the use 
of a more expensive material in lesser quantity in order 
to make a more economical structure, for it was the 
cost of structures that usually mattered in civil 
engineering. 

He was engaged at the moment in somewhat similar 
investigations in connection with the use of light metals, 
where the same phenomenon arose, that by using the 
more expensive materials, but in lesser degree, economy 
could be shown. 

Mr. Banks asked if Professor Magnel could see any 
advantage in the use of steel for prestressing aluminium 
structures, bearing in mind two possible drawbacks, 
one being the low modulus of aluminium, which was 
about one third that of steel and approximately that 
of. concrete; and the other that the coefficient of 
expansion of aluminium was twice that of steel. 


Professor MAGNEL replied that he had thought of 
prestressing aluminium alloys, such as Duralumin, 
which materials had been used in one or two cases for 
making bridges ; at Arvida, in Canada, there was an 
arched bridge in aluminium. But, comparing an 
aluminium tie-bar with a compound one made partly 
of aluminium and partly of high tensile steel, he said 
the weight of the high tensile steel was dead against 
the use of the compound tie-bar ; in terms of specific 
gravity there was a factor of something like three 
between steel and aluminium. He was quite sure that 
the saving in weight would be far less than it would be 
if prestressed steel were used.. 

But more important than that, a very careful enquiry 
should be made into the fatigue of aluminium alloys. 
Perhaps the aeroplane constructors had made tests, 
but he knew of no publications in that connection, 
and unless a very thorough study was made of the 
fatigue properties of those alloys it would be difficult 
to say anything serious about prestressing aluminium. 


Mr. O. J. MASTERMAN (Associate-Member) commented 
that it was a mark of genius to make complicated 
matters appear simple ; Professor Magnel had done it, 
as he always did. The Institution should be extremely 
grateful to have had the chance, so early in the develop- 
ment of the technique of prestressed steel, to have it 
explained so simply. 

It seemed that there might be a possibility of making 
still further economies if the prestressing cable could 
be arranged in such a way that an eccentricity was 
provided which would have the effect of changing 
the stresses in both the top and the bottom booms, 
just as was done in prestressing concrete. It seemed 
that in the paper only the economies in the lower boom 
had been considered; and although Mr. Masterman 
realised that diagonals and other intermediate members 
might présent difficulties, he asked if Professor Magnel 
considered it possible to prestress in such a way as 
to reverse the stresses in both booms that would be 
imposed by the loading. 
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It was a little disappointing that Professor Magnel 
had not the opportunity at the meeting, no doubt 
due to the shortness of the time available, to say 
anything more about his most interesting idea of the 
progressive stressing of a steel structure. It was most 
intriguing ; but from the paper he had gained the 
impression that it was very difficult to make it a 
practical possibility. 


Professor MAGNEL said the idea of trying to cancel 
out the stresses in both the top and the bottom members 
of a girder at the same time was very attractive, but 
the difficulty was to know how to do that in the top 
member ; he was speaking all the time of a simply 
supported beam, the top of which was compressed. 
By means of the cable he was applying the greatest 
possible eccentricity by dealing with the lower members. 
If one were dealing with a girder with a solid web, 
it would give tensile stress in the top member, and we 
could never increase that tensile stress by the cable 
so long as we kept the cable inside the web. Theoretically, 
we could also relieve the stress in the top by putting 
the top members into tensile stress initially, but we 
should put on each side of it a member which was 
compressed. The advantage of dealing with the lower 
member was that we could put it under compression 
by using a single buckle where there was no danger 
of buckling, but for the top members we could not 
do anything. He did not think we could do anything 
better than was being done now. 


With regard to progressive stressing, which he had 
mentioned, he said the idea was as follows: “In the 
case of a member which had to carry a load in pure 
tension, he would put the reduced section under a 
compression of 20,000 Ib. per sq. in., and the load 
was applied to give a tensile stress of 20,000 Ib. per 
Sq. in. ; i.e., he was using stresses of minus 20,000 and 
plus 20,000. But he could carry the same load in 
different ways. If he first prestressed up to 20,000 Ib. per 
sq. in. in compression, and then applied half the load 
(F/2), he could, when the load was applied, prestress 
further so that there was again a compressive stress 
of 20,000 Ib. per sq. in. Then he could apply the second 
half of the load ; and if one did that, not only with F/2, 
but with F/n, one could reduce the section very 
considerably. 


But there were factors against it. First there was 
the cost of repetitions of prestressing. Secondly, force F 
could no longer be removed completely. We could 
only remove the last bit, F/n ; if we removed another 
part of the force, the compression in the member became 
too great. If cost were not an objection, repetitive 
prestressing could only be done when F/n of the load 
was a movable part. 


A visiToR asked for Professor Magnel’s views on 
the use of glass fibre instead of high tensile steel wires, 
with special reference to the corrosion resistance and 
the high tensile strength of the glass fibre. 


Professor MAGNEL said he believed M. Freyssinet 
had spoken of glass wires. Glass had indeed a very high 
tensile strength; but it had one great disadvantage, 
that as soon as the skin was scratched, however slightly, 
it would break “like glass.” It became quite brittle, 
the distribution of stress became different, and he did 
not think it would ever be used. The idea was very 
attractive, but he did not think it was one which the 
practical engineer would try ; and in any case he did 
not suppose that any capitalist would invest even {1 in 
a company which proposed to use glass for tensile 
members ! 


The Structural Enginee 


At the conclusion of the discussion, the Chairman 
expressed gratitude to Professor Magnel for the adde 
information he had given in his replies. 


WRITTEN COMMUNICATION 
To the Editor, 

From Mr. J. E. KInDLER, (Deputy Chief Engineer 
Structures, Co-ordinator-General’s Dept., Queensland, 
Australia. 

“On page 295, referring to the use of a concrete slab 
for the support of deck loads in conjunction with steel 
girders, there is this statement : 

‘This concrete slab exists in any case in a steel 
bridge, but up to the present it has never bee 
taken into account as working together with main 
steel girders.’ 

‘In January, 1934, a paper by Mr. A. W. Knight, 
M.I.E.Aust., was published in the Journal of th 
Institution of Engineers, Aust., in which the developmen 
of composite steel and concrete bridges was presented 
in some detail; this paper reports tests which appear 
to offer substantial reassurance upon any doubts which 
might be entertained as to possible disturbances to 
composite functioning resulting from shrinkage cracking. 
Since that date numerous Australian bridges have 
been built incorporating Mr. Knight’s practices, and 
in some cases employing details which represent con- 
siderable extensions of Mr. Knight’s- work. The service 
record of all of these bridges appears so far to have been 
entirely satisfactory. 

“More recently, American technical literature has 
contained a number of comprehensive reports upon 
work relative to the development of composite steel 
and concrete bridges ; of these contributions, the most 
noteworthy is possibly that published in the Proceedings 
of the American Society of Civil Engineers for March, 
1948. The results of the American research programmes. 
are, at least in some instances, now being applied in 
Australian practice.” 


Book Review ; 

Junior Principles of Quantity Surveying, by 
R. D. Wood. (London, THE ESTATES GAZETTE 1950): 
392 pages, 8h in. x 64 in. 35s. 

The author of “ Junior Principles of Quantity. 
Surveying ’’—surely he means “ Principles of Quantity 
Surveying for Juniors’’—is to be congratulated on 
producing a work that must appeal to the youngsters. 
who have decided to make this profession their career. 
The concise, clear and lucid manner in which he presents, 
the several steps from the beginning, known as squaring, 
through abstracting and billing up to taking-off, cannot. 
fail to enlighten and assist any pupil or student who: 
applies himself intelligently to the subject. j 

Mr. Wood's book even goes further and gives examples 
of how to deal with variations on a contract, and final) 
account. His appendix of abbreviations used in taking- 
off will prove very helpful to the beginner, for, to th 
uninitiated the dimensions are just hieroglyphs, and it! 
is on these that the student gets his introduction to 
squaring and abstracting. 

Of course, there is much more in Quantity Surveyiie 
than this book can possibly cover, even in addition to 
the author’s previous work “ Principles of Quantity 
Surveying.”’ The student will need practical experience, 
but with this book at his side he should make rapid 
progress. 

The work conforms to the rules laid down in the 
Standard Method of Measurement of Building Works) 
authorised by agreement between the R.I:C.S. and 
N.F.B.T.E., and this becomes the stepping stone to t 
professional examinations. H. H. Bae 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, May 24th, 1951, at 
5-55 p-m., Mr. J. E. Swindlehurst, O.B.E., M.A., M.I.C.E. 
M.I.Struct.E. (President), in the Chair. 

The Minutes of the Ordinary General Meeting held on 
March 29th, 1951, as published in the Journal in May, 
were taken as read, confirmed and signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below should be referred to when 
consulting the Year Book for evidence of membership. 


STUDENTS 


BOWLEY, Robert, Pendley Manor Lodge, Tring, Herts. 

BRISCOE, William Harry, 3, Langley Fields, Nr. Welling- 
ton, Shropshire. 

BRowN, David Henry, 12, Buxton Road, Hazel Grove, 
Nr. Stockport, Cheshire. 

SOLLINS, Michael Spencer, 123, Carisbrooke Road, 
Newport, Isle of Wight. 

DAWES, John Gordon, Newlands, Forest Lane, Walsall. 

FRISCHMANN, William Wilem, 9, Agamemnon Road, 
London, N.W.6. 

HARWOOD, Frank, 9, Green End Road, Kingsway, 
Levenshulme, Manchester, 10. 

Hiccs, Derek Edward, 63, Chelsham Road, Clapham 

_ North, S.W.4. 

JeRMy, Barrie Stuart, Thornton Hotel, 15, Bouverie 
Square, Fokestone, Kent. 

OKE, Abraham Adebayo, 31, Ducie Street, Clapham, 
S.W.4. 

SALAMAT, Muslim Purwez, Essex Lodge, Ashby Road, 
Loughborough, Leicester. 

UNDERWOOD, Bernard George, 2, Dellfield Avenue, 
Berkhamsted, Herts. 

WOODHEAD, Desmond Bertram, 23, St. Johns Road, 
Sea Point, Cape Town, South Africa. 


GRADUATES 
ANCHOR, Robert Dudley; B.Sc.(Civil), Birmingham, 
128, Woodlands Road, Birmingham, It. 
ASHER, Peter John, B.Sc.(Eng.), South Africa, 34, 


Devonshire Court, Esplanade, Durban, South Africa. _ 


BooTH, Robert Stuart, 99, Bramley Road, Acocks 
Green, Birmingham, 27. 

BUTTERFIELD, Roy, B.Sc.(Eng.), London, 15, Rushton 
Road, Thornbury, Bradford, Yorkshire. 

SLARK, Eric Smith, 67, Church Street, Harpurhey, 
Manchester, 9. 

SLAYTON, Roy Victor, Kia-Ora, Albert Road, Bognor 
Regis, Sussex. 

DosHi, Pravinchandra Hiralal, B.E.(Civil), Bombay, 
26, Imperial Chambers, Wilson Road, Ballard Estate, 
Bombay, India. 

FuLwoop, Alan Frederick, B.Sc.(Eng.), London, 10, 
Winton Road, North End, Portsmouth, Hants. 
SANGULY, Jagadish Chandra, B.Sc. (Eng.), London, 
BA.C,G.I., 28, St. Dunstans Road, Barons Court, 
‘London, W.6. 

HAYTER, Maurice Anthony, B.Sc.(Eng.), 
m.G.1., 12, Elvaston Place, S.W.7. 

EAVISIDE, Donald, 32, Broad Street, Syston, Leicester. 

, Alan Ronald, A.M.I.Mun.E., 15, Lewell Avenue, 

af Id Marston, Oxford. 


London, 


MARDEN, Edwin David, B.A.(Cantab.), 50, Elm Park 
Gardens, Chelsea, London, S.W.1o. 

MESSERVY, George Keith, A.R.I.B.A., 340, Latymer 
Court, London, W.6. 

Murray, Michael Graeme, M.A.(Cantab.), A.R.I.B.A., 
14, Westbourne Terrace, London, W.2z. 

PARTON, Girvan Meir, B.Sc.(Tech.), Manchester, 37, 
High Street, Pittshill, Stoke-on-Trent, Staffs. 

PEARSON, James Leslie, c/o Messrs. Dorman Long 
(Africa), Ltd., Escom House, Rissik Street, Johannes- 
burg, South Africa. 

ROWLAND, Vernon Roy, B.Sc. (Civil), 
Hartswood Road, London, W.12. 
SARAVANAPAVANANTHAN, Nagilingam,  B.Sc.(Eng.), 

London, 35, Gresham Road, London, S.W.9. 
SHIRLIN, Gilbert Thomas, B.Sc.(Hons.), Manchester, 
20, Lawn Road, Rowley Park, Stafford. 
STEWART, James Campbell, B.Sc.(Eng.), Glasgow, 10, 
Mansionhouse Road, Langside, Glasgow, S.I. 
UREN, John Michael Leal, B.Sc.(Eng.), London, A.C.G.1., 
Dalkeith, 17, High View, Pinner, Middlesex. 


MEMBERS 


Boitckow, John Dorman, Broom House, Jenny Lane, 
Woodford, Cheshire. 

CLARK, Eric George, 25, Cranford Gardens, Acklam, 
Middlesbrough, Yorkshire. 

DAVENPORT, Frank Wallace, The Appleby-Frodingham 
Steel Co., Scunthorpe, Lincolnshire. 


Bristol, 123, 


TRANSFERS 
Students to Graduates 
Davis, John, 29, Wood Lane, Shepherds Bush, London, 
W.12. 
Lorp, Peter Bamford, 232, Portland Street, Derby. 
MANNING, John Bernard, 73, Athenlay Road, S.E.15. 


Graduates to Associate Members 


E.is, Lewis Geoffrey, B.Sc., 
Ss 

PENNINGTON, Duncan John, B.Sc.(Eng.), 30, Hurst 
Street, Morris Green, Bolton, Lancs. 

TURNER, Frederick Henry, 93, Shakespeare Drive, 
Cheadle, Cheshire. 


Associate Member to Member 
MacGReGor, Ian, L. G. Mouchel & Partners, Ltd., 
g, Ellison Place, Newcastle-upon-Tyne, 4. 
Member to Retired Member 


FRITCHLEY, George Bowen, F.R.I.B.A., 31, Farnaby 
Road, Bromley, Kent. 


125, Amesbury Avenue, 


RE-ADMISSION 
Graduate 
SPENCER, Herbert Harry, The Judge’s Eye OQibets, 
Hills of Ephrayim, P.O. Ha Shofet, Israel. 
OBITUARY 


The Council regret to announce the deaths of William 
Ralph Low (Member), Arthur de Beauchamp BRETON 
and Wilbert Chauncy BUTCHER (Associate-Members). 


RESIGNATION 


Notification was given that the Council had accepted 
with regret the resignation of Gordon Frederick KENT 
(Associate-Member). 
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ANNUAL GENERAL MEETING 

The Annual General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, May 24th, 1951, 
at 6p m. (Mr. J. E. Swindlehurst, O.B.E., M.A., M.I.C.E. 
M.I.Struct.E.), in the Chair. 

The Secretary (Major R. F. Maitland, O.B.E.), read 
the notice convening the meeting. 

The Minutes of the Annual General Meeting held on 
May 25th, 1950, as published in the STRUCTURAL EN- 
GINEER, July, 1950, were taken as read and were con- 
firmed and signed. 

Mr. E. Granter moved the adoption of the Sessional 
Report of the Council and the accounts for the financial 
year, 1950. Lt.-Col. R. F. Galbraith seconded the 
motion, which was carried unanimously. 

Mr. F. S. Snow proposed the re-election of Messrs. 
James Meston & Co., Chartered Accountants, as Auditors 
for the ensuing year. Mr. S. Vaughan seconded the 
motion, which was carried unanimously. 

The Secretary then read the report of the Scrutineers 
on the ballot for the election of the President, the 
Honorary Officers and the ordinary members of Council 
for the Session 1951-52, as follows :— 

“To the Council of the Institution of Structural 
Engineers : 

Gentlemen, 

We, the undersigned, report that at the request of the 
President, we have duly carried out the duties of Scrutin- 
eers of the Ballot for the election of Honorary Officers 
and Council fer the Session 1951-1952, and we report 
accordingly as follows :— 

We received 649 ballot papers, of which we rejected 
41 as wholly spoiled and 25 as partly spoiled. We have 
attached a separate sheet showing the number of votes 
received by each candidate. 

We declare the result of the Ballot to be as follows :— 


ELECTED 


President—Mr. Walter C. Andrews, O.B.E., M.I.C.E. 
Vice-Prestdents—Mr. E. Granter, B.Sc.(Eng. ), MLE: 
Li.-Col. R. F. Galbraith, R.E.,- M.C., B.Sce.(Eng.), 
AMI:G.E. 2 Dr Ss Bas Bamiuton es Mesos neh Gls. 
A.M.LCE., Mr, S. Vaughan, BSc., M-IC.E,, ACES 
Mr. L. E. Kent, B.Sc.(Eng.), M.1.C.E., Mr. T. B. Macau- 
lay, BSe., M.1-C.E. 
Honorary Treasurer—Professor W. 
MSc) PRD. oR S23 eee. 
Honorary Secretary—Mr. J. Mason, B.A., A.M.I.C.E. 
Honorary Librarian—Mr. G. S. M:Donald, M.I.C.E. 
Honorary Editor—Mc. W. H. Woodcock, F.C.S. 
Honorary Curator—Mr. J. Singleton-Green, M.Sc., 
A.M.I.C.E., A.M.I.Mech.E. 
The above are elected for one year. 
ELECTED AS ORDINARY MEMBERS OF CouNCIL (LONDON) 
Mr. Donovan H. Lee, Mr. R. W. Schofield, Lt.-Col. 
G. W. Kirkland. 
The above are elected for three years. 
ELECTED AS ORDINARY MEMBER OF COUNCIL (COUNTRY) 
Mr. H. C. Husband. 
The above is elected for three years. 
ELECTED AS ASSOCIATE OF COUNCIL (LONDON) 
Mr A iy: 
The above is elected for three years. 
ELECTED AS ASSOCIATE OF CoUNCIL (COUNTRY) 
Mr. B. C. Britton. 
The above is elected for three years. 
ELECTED AS ASSOCIATE-MEMBER OF COUNCIL (LONDON) 
Mr. W. E. Thorowgood. 
The above is elected for three years. 


Fisher Cassie, 
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ELECTED AS ASSOCIATE-MEMBER OF CouNcIL (COUNTRY) 
Merit). Grithths. 
The above is elected for three years. 
We are, Gentlemen, 
Yours faithfully, 
Thos. Bedford 
H. Brompton 
Malcolm Glover 
S. M. Reisser, 
Scrutineers.”’ 
On a motion proposed by the President, a vote of 
thanks was unanimously passed to the scrutineers. 


JULY EXAMINATIONS 


The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
July 17th and 18th (Graduateship), and on July roth 
and 20th (Associate-Membership). 


REPRESENTATION 


The Council have made the following nominations of 
members to represent the Institution :— 
ScoTTISH EDUCATION DEPARTMENT. JOINT COMMITTEE 
ON HIGHER NATIONAL CERTIFICATES IN CIvIL EN 

GINEERING (INCLUDING STRUCTURAL) 

Mr. H. B. Sutherland (Associate-Member). 
BUILDING APPRENTICESHIP AND Tne CounciL 

Mr. D. A. G. Reid (Associate-Member)—re-appoint 
ment. 


(Signed) 


Peseucsowar, CLASSES AID COUNCIL. 
Mr. F. S. Snow (Past-President) (Re-appointed for 
further period of three years). j 


BUILDING TEACHERS’ CONFERENCE 
Mr. D. Winston Aldred (Associate-Member). 


INTERNATIONAL ASSOCIATION FOR BRIDGE AND 
STRUCTURAL ENGINEERING 

Reference was made in the last issue of the Journal 
to the Fourth Congress of the International Association 
for Bridge and Structural Engineering, which is to 
held in Cambridge and London from August 25th to 
September 5th, 1952. 

It was stated that members of the Institution might 
obtain further details of the Association’s activities upon 
application to the Chairman of the British Section, 
Mr. Ewart S. Andrews. it would, however, be appre- 
ciated if members of the Institution would in future 
address all such enquiries and requests for application 
forms to the Honorary Treasurer, British Section 
International Association for Bridge and Structural 
Engineering, Major R. F. Maitland, O.B.E., 11, Upper 
Belgrave Street, London, S.W.1. | 


PERSONAL 4 


Lt.-Colonel R. F. Galbraith, B.Sc., A.M.I.C.E. (Vice: 
President), has resigned his office as a Director of 
Galbraith Brothers, Ltd., of High Holborn. 

Major R. A. B. Smith, M. C., A.M.I.C.E. (Member), ‘has 
entered into partnership with Mr. G. P. Manning, M.Eng., 
M.I.C.E., as Consulting Structural and Civil Engineers. 

Mr. C. B. Brown, B.A.I., M.I.C.E. (Member), has been: 
joined in partnership by Dr. T. P. O’ Sullivan, B.Se., 
A.M.I.C.E., and the practice is now known as Brown, 
O’Sullivan and Partners. 

Mr. P. M. Otway, M.I.Mech.E. (Member), has retired) 
from the Ministry of Transport and is practising as @ 
Consulting Engineer in collaboration with Major H. W.. 
Aldington, C.B., M.I.C.E., at 14, Howick Place, West- 
minster, S.W.1. 

The Secretary would be glad to hear from any member 
or visitor who may find that he came away from t 
meeting on April 26th with the wrong raincoat and p 
of brown gloves. 


ee a 
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. THE MACLACHLAN LECTURE, 1950 

The MacLachlan Lecture for 1950 was published in 
the June issue of the JOURNAL under the title ‘‘ Cold 
Formed Sections in Structural Practice, with a proposed 
Design Specification.” The Lecture was given by 
Mr. W. Shearer Smith, A.M.I.C.E. (Associate-Member). 
Owing to a printing error, the heading, ‘‘ The MacLach- 
lan Lecture, 1950,’’ was omitted from the publication, 
as were also the following corrections : 

PeiO5, Col. 1, para. 2, line 6. For “bases’”’ read 
“ basis.”’ 

_ P. 166, col. 1, para. 11, line 1. For “ building ”’ read 
“ buildings.” 

P. 166, col. 2, lune 24. For “ 1945 (3) ’’ read ‘“ 19458.” 
P.170, col. 2, line 8. For“ (1 and 19) ’’ read “ (1 and 
mo) .?? 

P. 171, col. 2. Para. 2, under Section (iii) should 
read “‘It should be noted .. .” 

PP. 172-3. In Equations 9-12 and references thereto, 
a dash should have been used instead of the index “‘ 1,” 


e.g. :— 


2 


pele tCLC. ‘ 
, f 

P. 173. Equation (12) should read :— = 1— K,vfv® 

F’, 

ee; cor. 1 (lable). Hor ‘© Tee beams’ 
“ Tie beams.” 

P)r75, col. 2 (lable). For“ R.S. joist, 10 ft. x 44 in. 
b225 ib. read B.S. joist, loin. x 44in. X 25 |b.” 

The Literature Committee would be glad to consider 
the publication of correspondence in connection with 
this Lecture. Communications on this subject intended 
for publication should be received by September Ist, 


‘IQ5I. 


, 


read 


EXAMINATIONS 

PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 

TION BY ATTENDANCE AT TECHNICAL COLLEGES 

A candidate for Graduateship or Associate-Membership 
may be able to attend a technical college ; these notes 
are intended to guide him in choosing the most suitable 
instruction. 

PREPARATION FOR THE GRADUATESHIP EXAMINATION 
- Technical colleges offer : 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
complying with Appendix II, Section V, of the Regula- 


tions Governing Admission to Membership, the candidate. 


will be exempted from the Graduateship Examination. 

Alternatively, he may study subjects selected from the 
available courses and sit the Graduateship Examination. 
At technical colleges courses are usually available in 
Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
students are not normally allowed to select subjects 
from National Diploma or Certificate courses unless 
they can show evidence of sound training in more 
‘elementary studies. The advice of the College Authori- 
ties should be followed. 

PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 

EXAMINATION 

At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of 
the Associate-Membership Examination. At other col- 
leges the candidate must rely on Higher National 
Certificate courses or on advanced courses in Building, 
ivil Engineering or Municipal Engineering : these cover 
only part of the requirements for the Associate-Member- 
ship Examination. 
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Colleges in the first category provide at least two 
years of instruction in Theory of Structures and in 
Structural Engineering Design and Drawing up to 
Associate-Membership standard. They also give in- 
struction in Structural Specifications, Quantities and 
Estimates. 

The Colleges which have informed the Institution that 
courses in Structural Engineering are available are :— 

Belfast College of Technology. 

Birmingham Central Technical College. 

Bolton Municipal Technical College. — 

Bradford Technical College. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

Liverpool Technical College. 

L.C.C. Brixton School of Building. 

L.C.C. Hammersmith School of Building and Arts 
and Crafts. 

Manchester College of Technology. 

Middlesbrough Constantine Technical College. 

Salford Royal Technical College. 

South-West Essex Technical College, Walthamstow, 
E17: 

Colleges in the second category provide instruction in 
Theory of Structures from which the student may reach 
Associate-Membership standard, but instruction in 
Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is 
not usually so complete. The colleges which have 
informed the Institution that such courses are available 
are :— 

Brighton Technical College. 

Cardiff Technical College. 
Huddersfield Technical College. 

Leeds College of Technology. 

London Battersea Polytechnic. 
London Northampton Polytechnic. 
L.C.C. Westminster Technical College. 
Plymouth and Devonport Technical College. 
Preston Harris Institute. 

Wigan Mining and Technical College. 
Woolwich Polytechnic. 

Students attending colleges in the first category are 
advised to take the organised courses in Structural 
Engineering. Students of Graduate Membership stan- 
dard will usually be allowed to select subjects from 
courses provided by colleges in the second category. 


ADDITIONS TO THE LIBRARY 


The following books have been presented by Mr. A. 

Anderson :— 

ADAMS, H., and MaTtTHEws, E. R. Reinforced Concrete 
Construction. 2nd Edition. London, 1916. 

Brown, Hanbury. Irrigation: Its Principles and 
Practice as a Branch of Engineering. 2nd Edition 
revised. London, 1912. 

Brown ig, T. A. M. Further Notes on Tube Wells: 
Boring, Sinking and Working. 2nd Edition. Calcutta 
and Simla, 1914. 

CocHRAN, J. A Treatise on the Inspection of Concrete 
Construction. Chicago, 1913. 

Davies, J. Engineering Office Systems and Methods. 
New York and London, 1915. 

Davis, A. P., and Wirson, H. M. Irrigation Engineer- 
ing. 7th Edition. New York, I9g19. 

ETcHEVERRY, B. A. Irrigation Practice and Engineer- 
ing. Vols. II and III. New York and London, 1o16. 

Fiver, T. C. Calculations in Hydraulic Engineering, 
Pts. I and II. London, 1907 and 1914. 

Hoo, G. A. Reinforced Concrete Construction, Vols. I, 
IIland III. New York and London, 1917, 1913. and 1916. 
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Hoot, G. A., and JoHnson, N. C. Concrete Engineers’ 
Handbook. New York and London, 1918. 

Hoot, G. A., and Wurtyey, C. S. Concrete Designers’ 
Manual. New York and London, 1921. 

McCuLtocH, W. Conservation of Water. New Haven 
and London, 1913. 

NEWELL, F. H., and Murpuy, D. W. Principles of 
Irrigation Engineering. New York and London, 1913. 

REYNOLDS, C. E. Reinforced Concrete Designers’ 
Handbook. London, 1932. 

Van OrnvuMm, J. L. The Regulation of Rivers. New 
York and London, 1914. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


A visit has been arranged by kind permission of the 
British Concrete Development Association to their Pre- 
stressed works at Iver, Buckinghamshire, on July 14th. 
The party will meet on the platform at Paddington 
Station to travel by the 9.30 a.m. train to Iver. Railway 
fare (day return), 3s. 2d. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


Hon.. Secretary: A. S. - Sinclair) (AMT Struci&.. 
28, Kenwood Road, Stretford, Lancashire. 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary : F. H. Turner, 11, Colwell Avenue, 
Stretford, Lancashire. 


MIDLAND COUNTIES’ BRANCH 


Hon. Secretary: FE. R. Deeley, A.M.I.Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary ;: M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES’ BRANCH 


The Annual General Meeting of the Branch was held 
on Tuesday, April 3rd, at the Cleveland Scientific and 
Technical Institution, Middlesbrough, when the following 
honorary officers and committee members were elected 
for the session 1951-52 :— 

Chairman : J. Gerrard, A.M.I.Mech.E. (Member). 

Vice-Chairman : A. V. Buttress (Member). 

Immediate Past-Chairman : W. H. Saxton, B.Eng., 
A.M.I.C.E. (Member). 

Branch Hon. Secretary : J. A. Williams, A.M.1.C.E. 
(Associate-Member), 57, Reid Park Road, Jesmond, 
Newcastle upon Tyne, 2. 


Tees Centre Hon. Secretary : O. Lithgow (Associate- 


Member). 
Hon. Treasurer : L. Dobson (Associate-Member). 
Committee ; TyNE—E. Atkinson (Member), D. W. 


Cooper, B.Sc. (Associate-Member), A. G. Lyon, T.D., 
A.M.I.Mech.E. (Member), I. MacGregor (Associate- 
Member), E. A. Parsons (Member), T. L. Usherwood 
(Member). 

Additional Member, ex-officio: Professor W. F. 
Cassie, M.Sc., Ph.D., F.R.S.E., M.I.C.E. (Member). 
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\ Introduction 


_ The concrete control methods described in this paper, 
although not new in principle, originated in their 
particular form during the construction for the 
Sunderland and South Shields Water Company of a 
small reinforced concrete reservoir, and were later 
used on the construction for the same Company of 
barrel vault roofs to cover two existing service 
reservoirs. The paper therefore deals with concrete 
control as carried out in these instances, with the 
implication that such methods may be directly applicable 
to other similar works. The title of the paper refers 
to ‘small works’”’ but as the adjective is, of course, 
only relative, it may help to fix them on the scale of 
magnitude if it is stated that the two structures 
respectively cost £45,000. and £20,000, and involved 
the placing of 1,600 cu. yd. and 600 cu. yd. of concrete. 
In each case the concrete was mixed in a 14/10 mixer. 
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= Fig. 1.—Break pressure tank No. 1 
_ Lower layer of floor partially complete ; concrete mixer, 
_ cement shed and aggregate bins above face of excavation 
Both works were executed by contract, and in each 
mstance the construction was supervised on site by 
one inspector. 
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Description of Works 


Burnhope Pipeline —- Break Pressure Tank No. i 
_ This tank has a capacity of one million gallons and 
terminates the first 114 miles of the 44-miles-long 
Burnhope pipeline. The pipeline, when completed, 
will be a gravitational main designed to carry a normal 
flow of five million gallons per day from the Burnhope 
eservoir near the head of the Wear Valley, down to 
: & of the Water Company’s service reservoirs at 
Stoneygate and Easington respectively. 
_ The water falls from a top water level of 1,305 ft. O.D. 
it Burnhope, to a level of 512 ft. O.D. at Easington. 
t one point, where the pipeline crosses the River Wear 
tear Durham, it is as low as 75 ft. O.D., and in order 
(0 limit the static pressures which would result from 
he Burnhope elevation, the pipeline has, in effect, 
divided into three pipelines by the insertion of two 


te 


per vead before the Northern Counties Branch of the 
ttion of Structural Engineers at Middlesbrough on the 
bruary, 1951, and at Newcastle on the 7th February, 1951. 
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Concrete Control for Small Works” 
By N. J. Ruffle, B.Sc. (Eng.), A.M.I.Struct.E. 


small reservoirs, each of which provides a free water 
surface and is consequently known as a break pressure 
tank. It is the upper of these two tanks, sited on an 
excavated benching in a steeply-sloping hillside at 
approximately 1,000 ft. O.D. to which reference is 
now made. The site is shown in Fig. I. 

The dimensions are 163 ft. x 87 ft. x 13 ft. internal 
height. Its capacity is one million gallons, and it has 


Fig. 2.._Break pressure tank No. 1 
Upper layer of floor partially complete ; construction of 
; walls and columns commenced 


a division wall which forms it into two compartments 
each holding half a million gallons, the valve work being 
so arranged that the two halves can be used together 
or,one at a time, should it be desired to empty and 
inspect the other. The floor is constructed in two 
layers. The lower layer is of 3 in. thick plain 1-3-6 con- 
crete laid in 15 ft. square bays, chessboard fashion, 
while the upper layer is of 6 in. thick reinforced 1-13-34 


Fig. 3.— Break pressure tank No. I 
Walls and columns completed ; roof partially complete 


concrete, again laid in 15 ft. square bays, but arranged. 
so that the joints are staggered with those of the lower 
layer (Fig. 2). The walls span between the floor and 
the roof, and were designed as slabs fixed at the floor 
and freely supported at the roof. The roof is of flat 
slab construction, supported by the walls and by 
circular columns (Fig. 3). At one end is the inlet valve 


212 


house, where the inflowing water is gauged, and where 
are housed the valves which control the water level 
in the tank and the flow in the pipeline. 

The design generally conforms to the recommendations 
of the Institution of Civil Engineers’ Code of Practice 
for Reinforced Concrete Structures for the Storage of 
Liquids. 

As a matter of interest, when the tank was tested 
for watertightness, each half being under test for one 
month, the apparent leakage from each half was 
3-gallon per hour. 


Roofing of Humbiedon Reservoirs 


For the purpose of preventing both atmospheric 
pollution and, by excluding sunlight, the growth of 
troublesome organisms, barrel vault roofs have been 
constructed over two open pure water service reservoirs 
in Sunderland. The reservoirs were built 102 and 
77 years ago respectively, one having a concrete floor 
and the other an earthenware slab floor. They are 
waterproofed by puddle clay under the floors and 
behind the masonry walls, and, since the provision 
of columns to support a roof would have necessitated 
disturbing the puddle clay floor, it was decided to use 


Fig. 4.—Roofing of Humbledon low reservoir 
Boarding and steel sheeting 


barrel vault roofing, spanning 100 ft., from wall to wall. 
Each roof consists of three barrels, which are reinforced 
with cold-drawn wire mesh, square twisted bars and 
round mild steel bars. The upper portions of the shells 
are 34 in. thick, but this increases to Io in. in the 
valleys (Figs. 4, 5 and 6). 


Concreting in Cold Weather 


Concreting of the break pressure tank was carried on 
when the shade temperature on a rising thermometer 
reached 34°F. But for the barrel vault roofs with 
their small thickness of concrete, a much more stringent 
cold weather clause was enforced. This provided that 
concrete was not to be placed within a period of 24 hours 
of a temperature of 32°F. or lower being registered, 
and then only when the shade temperature was above 
40°F, 


Aggregates 


The concrete aggregates in most common use in 
County Durham are probably crushed whinstone and 
pit or river sands and gravels which often contain a 
proportion of crushed material. 

Crushed whinstone is a clean, strong aggregate of 
consistent quality, but it suffers in comparison with 


The Structural a 
‘ 


‘most gravels by virtue of its angular shape, especially 


in the smaller sizes where the particles tend to be flaky, 
Hence a higher water/cement ratio is generally necessary 
to reach the required workability, and the strength 
of the concrete may as a consequence be less. On 
the other hand, clean, hard gravels are not easy to 
obtain. Natural sands are usually used with both 
types of coarse aggregate, and again it is not easy 


Fis. 6.—Roofing of Humbledon low reservoir 
~ Structure virtually complete 


in the Durham area to obtain a sand which is clean and 
well graded. The presence of coal particles is especially 
common. For the break pressure tank the aggregates 
used were crushed whinstone and a pit sand, and for 
the Humbledon roofs, river gravel and river sand. 


Grading of Aggregates 


In order to be able to produce consistently a concrete 
which has the degree of workability most suited to 
the proposed method of compaction, it is necessary to 


Fig. 5.—Roofing of Humbledon low reservoir 
Concreting of a barrel in progress 


control the distribution of particle sizes in the combined) 
aggregate. To achieve this, the coarse aggregate has) 
normally to be delivered to the site in several sizes 
which can be re-combined in the desired proportions. 
In the case of the break pressure tank, the whinstone 
coarse aggregate was delivered in 3 sizes for a mix 
containing up to 2 in. material, and in 4 sizes for a 
mix of up to 1} in. material ; while for Humbledon roofs 
the gravel aggregate was delivered in 2 sizes for a mix 
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of up to 2 in. material, and in only one size, viz. 3 in. to 
3/16 in. for a mix of 3 in. maximum size. 


Proportioning of Mixes 


The specification laid down a nominal mix by volume, 
e.g. I-2-4, but indicated that the actual mix would be 
made up of the several sized aggregates, in proportions 
which would be decided when sieve analyses had been 
made. 

For the purpose of proportioning, the volume mix 
was converted to that mix by weight which would 
give the weight of cement per cu. yd. to be expected 
from the volume mix specified. The sieve analyses 
were combined to form several trial gradings, generally 
of the type given in the Road Research Laboratory’s 
Road Note No. 4. Hand mixes were then made, and 
with the help of the compacting factor apparatus (to 
which reference will be made later), the mix was chosen 
which required the minimum water for the necessary 
workability, and which had a good appearance with 
no tendency to segregate.. These requirements usually 
result in using the coarsest grading which does not 
tend to segregate. 

Although the hand mixes seemed to give good com- 
parisons between the gradings for their appearance 
and for their relative water requirements, they did 
mot show the actual water required by the machine 
mixer. It was found that, owing to the much greater 
efficiency of machine mixing, the water required was 
considerably less than with hand mixing. 

Sieve analyses of the aggregate were made period- 
ically throughout the jobs to check that the mix gradings 
were remaining correct. 


Storage of Aggregates 


Each size of aggregate was stored in a separate bin, 
where it could be kept clean and be allowed to drain. 
On the contracts described, each bin was specified to 
have two sides, a back, and a concrete floor which 


sloped towards the back so that the water could drain . 


away from the mouth, and away from the aggregate 
which would be used first. The bins should hold at 
least two days’ supply and it is a great advantage, 
especially in the case of the sand, for the bins to have 
a division wall. This enables freshly delivered material 
to drain for at least 16 hours before use. 


> 


Batching 


_ Accuracy in the batching of all the various con- 
stituents of the concrete is of primary importance. 
In the case of the cement, accuracy has been assured 
by obtaining the Ordinary Portland cement in I-cwt. 
bags, and by always using ‘“‘ whole bag” gaugings. 
Batching of aggregates may be carried out by weight 
or by volume, the latter being chosen for the works 
described in this paper. The loose densities of the 
aggregates were obtained by test and for batching, 
the various weights of the trial hand mixes were re- 
converted into volumes. 
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Gauge Boxes 


_ The gauge boxes were each mounted on a Decauville 
rail bogie, and after being filled by shovelling from 
their respective bins, they were pushed along to the 
14-10 non-tilting drum mixer and side-tipped into the 
loading hopper. For the coarse aggregate the boxes 
were of wood, rectangular in plan, and with as large 

height in relation to the plan dimensions as was 


cticable. They were fitted inside with a lath screwed 


the sides at a few inches from the top. The underside 
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of the lath gave the level to which the box had to be 
filled, and the freeboard allowed for subsequent altera- 
tion in level if the grading of the coarse aggregates 
varied. 

Sand, however, is not as amenable to accurate volume 
batching, owing to the bulking effect of its moisture 
content. For the 1-3-6 mixes, which were used at the 
break pressure tank for the lower floor layer and for 
general mass concrete, an allowance was made for 
bulking. It was found that the sand used, after having 
at least 16 hours to drain in the bin, rarely had a moisture 
content outside the limits of 34 and 64 per cent. A 
“bulking curve,” indicating the variation of bulking 
with variation of moisture content was drawn from 
test results, and with the lath in the gauge box set 
for a mean bulking allowance, the theoretical error 
of batching weight was small. Nevertheless, the personal 
effect in filling a container with damp sand would 


Fig. 7.—Roofing of Humbledon low reservoir 
Watertight sand gauge box 


appear to be considerable, and for the reinforced concrete 
mixes the more precise method of ‘‘ inundation ’’ was 
adopted. 


Watertight Sand Gauge Box 


The gauge box tor the sand was again of wooden 
construction, but was lined internally with a waterproof 
welded sheet steel lining (Fig. 7). To make the emptying 
of the box easier, the sides were slightly battered. 
A measured quantity of water was poured into the 
box (Fig. 8), and sand was then shovelled in and worked 
with the shovel until the water level reached a sliding 
indicator which was fixed to one of the inside faces. 
As the “ working” released the entrapped air, the 
box remained full up to the indicator with sand and 
water only. The water had come from two sources. 
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The larger quantity was that which was poured into 
the box initially, and the other quantity was the 
moisture which was held by the sand. With a knowledge 
of the specific gravity and the moisture content of 
the sand, the height of the indicator could be adjusted 
so that the desired weight of sand was obtained. Usually, 
the moisture content of the sand was measured once a 
day by means of a pycnometer. 

Speed in the operations of control is essential on site, 
and the calculation for determining the height of the 
indicator in the sand gauge box was reduced to an 
alignment chart (Chart 1). 

For the purpose of measuring the sand, the water 
poured into the sand box can, of course, be any 
accurately known quantity provided that, when added 
to the moisture content of the sand there is sufficient 
water to inundate the sand — i.e. provided that after 
“working ’’ the sand, all the voids in the sand are 
filled with water and some excess of water shows above 
the sand. But in practice, too much free water in the 
loading hopper of the mixer was found to be a nuisance, 
as it caused the materials to adhere to the hopper when 
it was discharging into the drum. The water was 
therefore kept to a reasonable minimum, and for a 
I-2-4 mix was usually fixed at 3 or 34 gallons. For 
the same reason, it was found to be best for the sand 
to be tipped into the loading hopper ‘after the coarse 
aggregates and before the cement. 


Pycnometer 


The pycnomeéter, used for determining the moisture 
content of the sand is essentially a 2-lb. fruit preserving 


: : : ‘ Fig. 8. Roofing of Humbledon low reservoir _ 
jar, fitted with a brass conical top which has a small Water being poured into sand box from gauge bottle 
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ole at the summit. The pycnometer is weighed con- 
aining an arbitrary amount of the damp sand, and 
; then filled with water and rolled to release the air. 
Vhen all air is expelled and the water level is at the 
top of the cone, the pycnometer is re-weighed. From 
he two weighings, which have been made to the nearest 
jram, i.e. 1/16 oz., the moisture content may be 
calculated. The specific gravity of the sand is a constant 
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Fig. 9.—Break pressure tank No. 1 
Concrete mixer, water gauging bottles, cement shed, sand bins 


n this calculation, and is found from two similar 
eighings using dry sand. An alignment chart was 
constructed, embodying the constants of the pycnometer 
1 use, to give the moisture content of the sample 


A. 
OF SAMPLE 1100 
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quickly and easily (Chart 2). A pycnometer test could 
be carried out comfortably in 10 minutes. 


Water Gauging 


It had been found that the type of water gauging 
apparatus usually fitted to concrete mixers was in- 
sufficiently accurate or adjustable for close control, 
and special water gauging bottles were used. Measure- 
ment was made by volume in vertical tubes of 8 in. 
diameter. 


The small cross-sectional area of the bottles allowed 
the accurate adjustment of a glass indicator cum overflow 
tube which was clamped to the bottles. The top of the 
glass tube acted as an indicator on a scale graduated in 
one-tenths of a gallon. Two of these bottles were pro- 
vided. One was used to measure the water required 
for the watertight sand gauge box, and the other to 
measure the water to be added to the drum of the 
mixer (Fig. 9). 

The foregoing methods were used for ensuring that 
the amounts of coarse aggregate, sand, cement and 
added water were measured accurately. The ingredient 
remaining to be measured was the water present as 
moisture in the aggregates. 


Although the total amount of water in a mix may be 
only 8 per cent. by weight of all the ingredients, small 
alterations can radically alter the appearance of the mix 
and affect its ultimate strength. The precise measure- 
ment of the total water is therefore of paramount 
importance, and at the same time the most difficult 
to achieve. The moisture content of the aggregate 
could be estimated by carrying out tests on each of the 
various sizes, either by pycnometer or by a drying out 
test. But while these tests are being made, many batches 
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could be mixed, conditions in the stock piles could alter, 
and the results, especially using the slower drying out 
tests, would be in the nature of post mortems. 


Compacting Factor Tests 


However, there is another approach which can be 
made when all other materials have been gauged 
carefully. This is to measure the total water by inference 
from the quality of workability. Workability has been 
defined as that property of the concrete which determines 
the amount of useful internal work required to compact 
the concrete. It can be measured accurately by an 
apparatus which has been developed by the Road 
Research Laboratory, and which is known as the 
compacting factor apparatus. In this test, the weight 
of a cylinder-full of concrete, on which a certain standard 
compaction has been carried out, is divided by the weight 
which the cylinder-full would have been, had the 
concrete been fully compacted and <all entrapped air 
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ascertained more accurately by a trial run with the 
machine mixer. Again, from published data or from 
direct test, can be found the relation between the com- 
pacting factor and the water content of the mix. A 
chart may then be constructed with a scale representing 
the actual weight of the concrete in the. cylinder, an 
giving by alignment to other scales the value of the 
compacting factor, and of the alteration requirec 
to the mixer water to correct the compacting factor 
to a desired standard value (Chart 3). 


A development of this which is now in use, and whiel 
is more rapid in operation, entails the placing of th 
cylinder of concrete on one side of a pair of scales, 
while on the other side reside weights which balance the. 
cylinder of concrete if the compacting factor is correct. 
Should the compacting factor be too high, i.e. the - 
concrete is too wet, the concrete outbalances the weights, , 
and extra weights are added until the scales tip. 1 
on the other hand the compacting factor is too low, 
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released. The fraction thus found is known as the 
‘compacting factor.’’ Its value varies from 0.85 for 
a concrete which can be consolidated by hand only if 
it is placed in large masses, to a value of 0.95 for a 
fluid concrete which should be used only if the concrete 
has to be manually compacted among very congested 
reinforcement. For normal reinforced concrete work, 
where the concrete is manually tamped, values in the 
range of 0.89 to 0.92 are suitable. 

The denominator of the compacting factor can be 
calculated from the weight of each constituent in the 
mix ‘and their specific gravities. It is necessary to know 
how much water will be used, because water is by far 
the lightest. constituent (s.g. of 1, whereas s.g. for 
most gravel aggregates is about 2.6, and for cement 
is 3.1), and an alteration in w./c. ratio therefore 
appreciably affects the weight per cu. ft. of the fully- 
compacted concrete. The amount of water required 
can be estimated from published data, or it can be 


COMPACTING _FACTOR TEST 


I= 14-3 \CONCRETE 


ALIGN PREDETERMINED VALUE ON A WITH O & READ 
CORRESPONDING VALUES ON B &C. 


ie. the concrete is too dry, the weights outbalance the. 
concrete, and extra weights are placed on the concrete - 
side of the poales until the scales tip. The extra weights 
used are }-lb. weights, because it was noticed that | 
an 0.01 increment of pone factor was closely 
equivalent to a change of }-lb. in the weight of the | 
concrete. For a I-2-4 mix ot an average compacting: 
factor of 0.905, each }-lb. weight represents approxi- 
mately 1-lb. of water in the mix, and the mixer vate 
is adjusted accordingly (Table 1). A typical rela 
calculation for the compacting factor test is “_ 
in Table 2. 

Much has been said and written about the necessity ty 
for judging the quantity of water by eye, owing to) 
the impossibility of conducting repeatedly and quickly 
tests for ascertaining the moisture contents of 
various aggregates. The slump test must be clas 
as only a rough guide in this respect, on accoun 
its liability to random variations. Furthermore, it 
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oes not provide a basis for comparison ot the work- 
ility of different mixes, i.e. it is not a true measure 
af workability. But experience has shown that, when 
yatching is carefully performed, the means of keeping 
ie water/cement ratio constant is provided by the 


sompacting factor test. The test can be performed 
[ 


TABLE 1 


Compacting factor test 
I -2-4 Concrete 


Extra 4-lb, weights to tip scale Alteration to 
Nominal mixer 
: Weight side Concrete side C.F. | water-gall. 
: 4 ‘ 0.94 — 0.3 
." 3 | 0.93 | ==) O12 
= 0.92 | —o.I 
I 0.91 | ) 
Balanced 0.905 | fo) 
I ° 0.90 fo) 
| 2 0.89 | == *0 ..1 
: 3 0.88 | + 0.2 
; 
- 4 O87 Wak .023 
. = 
4 : 
P TABLE 2 
: Compacting factor test 
“Galculation of weight of fully compacted concrete 
3 Absolute 
Weight per batch | Specific | volume 
a Material lb. | gravity | cu. ft. 
. | 
Bement ... che te 112 3.10 0.58 


fravel fin.—2in.... | 308 | 2.60 1.90 


vel  in.—3/16 in: ... 168 2.60 1.04 


peare in aggregates .. 19.2 


seas ieee 


| Bier pede into sand | | 
Box... Pel 30,.0. ") 


. ater added to mixer ... 15.0 . 

9 | | 

‘otal water Gio oe OOM at «03 
fotal per batch bad 876 5.01 
————— 


‘Weight of ae ge ene 876 
concrete ne = 148 lb./cu. fe. 


5-91 = sai 


| 
I 


Volume of compacting factor 
cylinder : = 0.192 cu. ft. 
; Weight of fully compacted 
concrete in cylinder 


I 
or 
- 
oO 
x 


- Weight of concrete in cylinder 
Heo. .—1'0..005 — 28.4 X 
0.905 = . 
eight of C. F. cylinder empty = 18.0 Ib. 


Total balance eget ppowe 


on scales tor Gb 10,005 


I 
> 
Os 
N 

= 

lox 


dly, and when the aggregates are of fairly uniform 
isture content, a test every half-hour may be all 
is necessary to maintain the compacting factor, 
hence the water/cement ratio, within close limits 
casions do arise, however, when quick variations 
moisture contents occur, e.g. when rain has caused 


ual 
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the moisture content of the aggregate piles to become 
variable. It is then that the water addition to the 
mixer has been determined by eye; but, by constant 
practice in looking at samples of concrete for which 
the compacting factor is known, the eye can judge a 
compacting factor quite accurately. It is therefore 
possible, for a period, ta determine the water required 
on the visual appearance of the concrete, preferably 
when the concrete is in a standard position, e.g. by 
observing the appearance of the concrete as it piles up 
on the outlet chute of the mixer. But it is essential 
for this visual standard to be refreshed by frequent 
reference to the impersonal compacting factor apparatus. 

As an indication of what it is possible to achieve, 
a copy is shown (Table 3) of an actual day’s concrete 
report from .the Humbledon High Reservoir Roof. 
It shows clearly the way in which the water bottle, 
calibrated in one-tenths of a gallon, can be used to 


TABLE 3 


Sunderland and South Shields Water Company 
Humbledon Low Reservoir 
Concrete Report No. 58 
Date: 12th July, 1950 
Weather : Fine, warm 
Class of Concrete : I - 1} - 3 
Where placed : Valley beam No. 9, end sections 


Compacting Mixer water 
Time factor | gallons | Remarks 
olipay nie 0-905 | 1.4 | 
9 —.15 0.900 ial 
9 — 45 : 0.906 ie 
Pg 3 25 0.QIt 1.3 
10 == 5S 0.908 thee} 
II — 30 0.900 13 
e I2 — 05 | 0.900 1.3 
I — 15 | 0.906 ie | 
I — 45 | 0.905 1.3 
| Fresh bin of 
Qo) Aes 0.907 0.9 gin. to 3/16 in. 
commenced 
aA 0.910 0.9 
2.=— 00 0.909 0.8 : 
3 = 30 | 0.908 0.8 e 


maintain a constant compacting factor, and it also shows 
the alteration which was necessary when loading from 
a second bin of 2 in. aggregate was commenced. It is 
suggested that, in addition to showing uniformity in 
batching, this set of results indicates the repeatability 
of the compacting factor test. 


Test Cubes 


It should be noted that the concrete for compacting 
factor testing and for the making of test cubes, was 
taken directly from the mixer, from the middle of 
batches during discharge from the drum. It is felt that, 
in the case of the controlling compacting factor test, 
it is essential for the concrete to be tested as it leaves 
the mixer. As the time of transporting the concrete 
to the shutters was small, and as it is not possible 
in any case to imitate exactly the conditions of placing, 
it was considered that the concrete for cubes should 
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also be taken at the mixer. The cubes were cast in 
sets of three, all three being made from one sample 
of concrete. Before casting, the compacting factor 
of the concrete was measured, and, as near to the 
time of casting as possible, pycnometer tests were 
carried out on the sand and coarse aggregates, and 
the water/cement ratio was assessed. The cubes were 
cured in a bath of damp sand, out of doors, until the 
day before they were required for the 28-day test. 


Chronological Chart of Compressive Strengths 
(Chart 4) 
Sets of cubes were made at irregular intervals, 


COMPRESSIVE 
STRENGTH 


LBS.] INS* 
peas 2 
5000 


PERIOD | 


. defined periods by the interval of 3 months between 


BREAK PRESSURE TANK No. |. 


‘To Ch 
> 
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depending on the amount of concreting in progress. 
The means of each set are shown plotted against time. 

Work on Break Pressure Tank No. 1 was closed for 
3 months during the winter of 1949, with the consequen ; 
splitting of the job into Period 1 and Period 2, the 
results for which have been analysed separately, 
Similarly, at Humbledon, the job was split into two 


the concreting of the roofs at the Low and the High 
Reservoirs. 


Histograms (Chart 5) 


An impression of the scatter of the results is given 
by these diagrams, e.g. the better grouping of the 


PERIOD 2. 
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ROOFING OF HUMBLEDON RESERVOIRS. 
HIGH RESERVOIR. 
COMPRESSIVE 
STRENGTH 
LBS_/ INS 
1950 
Chart 4 
TABLE 4 
Summarised results of 6 in. concrete cube tests ¥ 
Structure ¥ Break pressure tank No, 1 Rooting of Humbledon reservoir 
Nominal mix (vol.) 1 3S t= 14 — 9 
Periods I 2 | Whole Low reservoir | High reservoir 
: 
Number of sets of cubes ... 16 19 | 35 16 15 
Average 1b./in.? 3,830 | 4,130 4,000 7,090 6,090 
Lowest | | 
% 72 ~ 86 69 73 7o 
Compressive Average 
strength | a 
Standard devia- | 
tion Ib. /in.* 598 304 516 1,090 986 
Coefficient of | 
| variation % 15.6 9-5 12.9 15.3 16.2 
Water ; Average 0.556 0.559 0.558 0.452 | 0.460 
ratio — _____—__-___ — 
Cement Standard devia- | 
tion 0.020 0.015 Onn onO27 | 0.017 ; 
Average 0.903 0.915 0.QII 0.897 0.897 | : 
Compacting $$ =e aes ek 
factor | Standard devia- | | 
tion 0.014 0,014 0.014 0.016 0.014 
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esults for Period 2 at the Break Pressure Tank, as 
ompared with that for Period I, gives an indication 


-- TABLE 5 


Humbledon High Reservoir 
(Analysis of variance of cube test results) 


4 Standard | | 
Cause of variation | deviation} Variance Remarks 
S. Ib. St 
fin.? | 
Vater/cement ratio 250 | 63X10?! Due to std. dev. of 
y | 0.017 in w./c. ratio. 
¢ (Includes _ experi- 
3 mental error vari- 
i | ance of pycnometer 
rt tests. 
laking and testing 100 10 x 10? | Average variance of 
cubes group means. (From 
" : | within groups of 
: . | 3 cubes. 
cs | . 
ampling and mak- 200 40 X 10? | Between groups of 
ing cubes | 3 cubes (Assumed 
| value. 
TE Nee NOs | (Assumed value) 
(343) . 118 x 10? | Sum. 

otal variation 986 970 10% Variation of Group 

| means about grand 

| mean. 
r causes, includ- 
cement strength (923) | 852 10% | Difference. 


of the more consistent strengths obtained during the 
Period 2. Similarly, the greater dispersion of the 
results at Humbledon, in comparison with the results 
at the Break Pressure Tank is evident. 


Summarised Results (Table 4) 


The table shows various statistics of the cube test 
results. AIS Py 
a (% — x)* 
== 
where x is the mean of a set of 3 cubes, 
x is the arithmetic mean of the results considered, 
i.e. the average strength, and 
n is the number of sets of cubes considered. 
S 
The Coefficient of Variation = — 
x 
It is worthy of note that the average strength for 
the Low Reservoir, which was constructed during the 
winter, was 1,000 Ib. per sq. in. higher than that for 
the High Reservoir, which was constructed during 


the summer. 


The Standard Deviation S = 


The standard deviation of water/cement ratio was 
calculated from the values of water/cement ratio which 
were obtained whenever a set of cubes was cast. As it 
therefore includes the results of pycnometer tests on 
the aggregates, the true standard deviation is likely 
to be less than that shown, owing to the pycnometer 
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experimental errors, and the errors in sampling for the 
pycnometer tests. 


The standard deviation of compacting factor can 
also give a value of water/cement ratio variation, 
since the two are related. But the true variation is 
likely to be greater than that estimated from the 
variation of the compacting factor, as errors in inferring 
the water/cement ratio from the compacting factor 
(i.e, due to compacting factor experimental error and 
errors in batching) are not included. 


Analysis of Variance (Table 5) 


This table is put forward rather tentatively, in an 
endeavour to examine the effect of some of the factors 
which can cause variations in the strengths of the 
test cubes. The most variable of the four periods of 
construction was chosen for analysis, i.e. the roofing 
of Humbledon High Reservoir, where the coefficient 
of variation was 16.2 per cent. 


Values for the first two causes of variation were 
calculated from the cube test results, but as no data 
were available for assessing the effect of the last two 
causes, values have been inserted which are only 
assumed, but which are thought to be in the correct 
order of magnitude. 


By summing the variances, an estimate is obtained 
of the combined variance due to the causes listed, 
and the difference between this sum and the total 
variance appears to indicate that the effect of the 
causes considered is relatively insignificant. In other 
words, it is considered that these causes were not 
major contributors to the total variation in strength. 


The temperature of curing the cubes is another 
factor which can cause variation in strength. For 
instance, cubes cured at a temperature of 36°F. are 
likely to have a strength of 28 days 8 per cent. less than 
if they had been cured at 64°F. During the construction 
of the High Reservoir roof the average curing tempera- 
ture for the 28 days, calculated as the mean of the 
average daily maximum and the average daily minimum 
air temperature, varied between 57°F. and 63°F. The 
variation is not random but, as might be expected, 
shows a trend related to the time of year. The effect 
cannot therefore be included directly in the variance 
analysis. However, a difference between 57°F. and 
63°F. appears likely to cause a total variation in strength 
of only 60 Ib. per sq. in. 


A process of elimination seems to suggest that 
variations in cement quality have had an important 
influence on the cube strengths. It is possible that 
to obtain the cement in bulk would reduce the variations, 
but this procedure would hardly be practicable for the 
small jobs considered in this paper. In any case, the 
method of purchasing cement in small quantities and 
packed in 1-cwt. paper bags has considerable advantages 
for small works in the convenience for handling and 
batching. 


Conclusions 


The full value of concrete control can be gained only 
if the mix can be designed with a sure knowledge of 
the mean strength which will be obtained, and also 
of the variations which will occur about the mean, 
i.e. the coefficient of variation which will result in the 
cube tests. One of the advantages of using strict control 
can then be financial. For instance, if the coefficient 
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of variation of a concrete from which one set of cubes 

in 100 are to fall below a strength of 3,500 lb. per sq. in. 
at 28 days, can be taken as Io per cent. instead of — 
20 per cent., then a saving of 5s. per cu. yd. of concrete 
can be effected. In this connection, the use of a cement 
with a guaranteed average strength subject to a known 
coefficient of variation would be of great benefit. A very 
high proportion of the cement manufactured is no doubt — 
used in situations where high strength and low variations — 
are of little value, and it is therefore suggested, especially 
in view of the increasing demand for high quality 
concrete for prestressed work, that a need exists for — 
a special engineering cement. i 


The quality of concrete has to be considered when 
it is in two states, i.e. when freshly mixed and when 
hardened. The first state is important, as on this may 
depend many of the qualities desired for it in its second 
and more permanent state. A well graded mix which 
provides the necessary workability with the minimum 
of water, and which will not segregate during handling 
or work up too much ‘fat’ when tamped, is a pre- 
requisite if a dense and uniform concrete is to be 
obtained. Thorough consolidation of the concrete 
within the shutters is essential, and it is an incentive 
to the workman to do this efficiently if he knows that 
he is being provided with a first class material :— a 
material which does not change from batch to batch 
through varying degreés of wetness, dryness, harshness 
or fattyness, but one which is maintained uniform 
throughout. 


It is hoped that sufficient has been said to show that 
rigid quality control of concrete can be achieved by 
the methods described. The advantages which accrue 
in the freshly mixed state alone, with the favourable 
conditions thereby created for good placing and com- 


' paction, are, it is contended, sufficient justification 


for these or other equally effective measures. 


There can be little doubt that strict quality conti 
of concrete has come to stay, and can be viewed as” 
the natural outcome of the unending quest for improved — 
materials which is common to all industries. Probably 
because the conditions under which concrete is usually 
produced make unfavourable comparison with tilose 
which obtain in most factories, the control of concrete : 
making as other chemical engineering processes are 
controlled has been adopted rather slowly. However, 
those engaged in research have been pressing the 
matter for many years, and the benefits obtained by 
putting into effect their recommendations surely cannot 
nowadays be ignored by those engaged in concrete) 
construction. 
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Prestressed Concrete Developments at the 
: Field Test Unit, Thatched Barn 


Discussion on Mr. O. J. Masterman’s Paper* 


Discussion 


Professor A. L. L. BAKER (Member of Council), 
proposing a vote of thanks to the lecturer, said it 
seemed to him, on looking at the tables, that the most 
significant results were that in beams having a factor 
of safety of about 1.5 against cracking, a factor of 
safety against failure of about 3 had been obtained 
fairly consistently. That seemed to be very satisfactory, 
because if prestressed work was carried out under 
factory conditions of control of concrete, it should 
be possible to maintain consistently a standard of 
concrete which would justify designing to a safety- 
factor of 3. In the course of time, he hoped it would 
be possible to have such control of concreting in the 
field that working to a factor of safety of 3 would 
be justified. 

Another point which had interested him was the 
slight reduction of strength of one or two of the beams 
after a period of time had elapsed. The strength 
increased up to a period of about ten months, which 
Mr. Masterman suggested was due to increases in the 
strength of the concrete ; and then the strength reduced 
gradually. It seemed to him that there were only two 
possible causes. One might be a deterioration in the 
strength of the concrete which, he thought, could be 
ruled out. The other might be a slight rise in the neutral 
axis taking place, which would concentrate the com- 
pression stresses in a much shallower compression zone. 
There were two possible causes of rise in the position 
of the neutral axis. One was creep of the steel under 
high load, and the other an increase in the modulus 
of elasticity of the concrete at the top of the beam. 
The latter could, of course, occur, but creep of the steel 
was more likely. 

The results of tests on high tensile steel showed he 
believed, so far, that creep did not go on seriously 
increasing, but gradually came to a stop. 

He would like to know if Mr. Masterman had got the 
records of the depth of the neutral axis, in the case 


of the beams which failed by compression of the ~ 


concrete. Thereby, they could get the basic information 
for a general design theory for ultimate strength. 
Unless they knew the position of the neutral axis, they 
did not know how far the compression force in the 
beam was due to the strength of the concrete, or to 
the depth of the neutral axis. 


Mr. A. C. Vivian (Member of Council), seconding 
the vote, said he had been interested to notice a 
reference to the use of pressure as well as vibration for 
the purpose of increasing the strength of concrete. 
Many years ago, he had put down a bit of concrete, 
and a learned friend of his had commented that it 
would disintegrate during the next frost because it 


| , Lt.-Col. R. F. Galbraith, M.C., B.Sc.(Eng.), M.I.Struct.E., 

A.M.I.C.E., (Vice-President) in the Chair. Published in 

HE STRUCTURAL ENGINEER, Vol. XXVIII, No. 10, pp. 246-264 
ctober, 1950). 

» 


was much too thin. What his friend did not know was 
that it had been put down with the back of a spade. 
If one hit concrete hard enough, his experience was 
that one did increase its strength. Vibration was one 
way of doing that, and he wondered if it was possible 
to make more use of pressure for producing a uniform 
and consistently high quality of concrete. 


Before opening the meeting to discussion, the 
Chairman called on the Secretary to make an announce- 
ment. 


THE SECRETARY said the Institution had received 
a letter which claimed that the L.C.C. type of pre- 
stressed precast beam was an infringement of an existing 
patent. The matter was being investigated, and mean- 
while, any members or others interested in the matter 
were advised to bear that in mind. 


THE CHAIRMAN Said he had to rule that any discussion 
of that question of infringement was outside the purview 
of the Institution, and would therefore be inappropriate 
to the discussion on the paper which they had just heard. 


Mr. Donovan LEE (Member), said that with regard 
to prestressed floor units, he would like to ask Mr. 
Masterman if he had made or was contemplating any 
tests with long span floor units; as they all knew, 
23 ft. was nowadays becoming quite an ordinary span, 
but we did not have much experience of greater spans 
than this, and it would seem desirable to ascertain 
what limitations, if any, there might be. 


With regard to the Lee-McCall system, it should 
perhaps be mentioned that, although the tests referred 
to by Mr. Masterman were mostly beams having only 
straight bars, the bars being so disposed as to bring 
the centre of pressure at the desired height, using bars 
at the top in some cases, this was not essential where 
the beam webs were wide enough to allow bars to be 
bent up and not prejudice the placing of the concrete. 
Curved bars were, in fact, more generally used than 
straight bars, and there was little or no limitation 
on the curvature due to the physical properties of the steel, 
but more than moderate curvature of course involved 
increased friction. 


He would like to answer the question Mr. Masterman 
had raised, as to why the high efficiency nuts do develop 
the full ultimate strength of the unthreaded part of 
the bar, so that no loss of sectional area need be taken 
into account in determining the prestress in the steel, 
but felt this must be deferred, in view of the lateness 
of the meeting. 


With regard to the prestressing jacks, it should 
be mentioned those shown were of 35-ton capacity 
and mounted onrollers, and he would like to show a few 
slides, in one of which the standard mobile 42-ton 
jacking unit could be seen. 


Mr. Donovan Lee then showed three slides, one ot 
which depicted a 42-ton jack in use ; the second showed 
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the vertical feature of the Leeds exhibition, representing 
a sword on end, and the third showed the sword being 
erected. 


Mr. F. WALLEY said that during the past two years 
people who had been round the Thatched Barn had 
mentioned that they never understood why the wires 
in the small joist were distributed over the cross section 
instead of being grouped at the top and the bottom 
of the beam. They went on to claim that one would 
get a higher ultimate resistance if they were arranged 
in that way, but this had not been found to be the case. 
The ultimate resistance of the beams had proved 
to be approximately the same as if all the wire had 
been concentrated at the centroid of the steel. The 
sole argument for using it with small units, particularly 
where end blocks were not desirable, was to prevent 
longitudinal cracking. It was a method which he called 
the ‘“‘Guyon ”’ method, because he had first come across 
it in some of M. Guyon’s excellent writings on prestressed 
concrete. 


The slides which Mr. Masterman had shown seemed 
to indicate that the straightening of the wire had 
-very little effect on the properties of it. In fact, looking 
at Table H, the proof stress was, on the whole, slightly 
increased, and the ultimate was slightly decreased, 
but both differences were not very significant. A word 
of warning was necessary, because this would seem 
to depend on the characteristics of the straightening 
machine used. They had not always had that same 
experience on every job. On one job in Scotland where 
they had to straighten wire, the proof stress had, in 
some cases, dropped as low as 554 tons per sq. in. 
after straightening, and the average over the whole 
job was about 60 tons per sq. in. So, he would point 
out that the figures shown were all right for the type 
of straightener used, but they would not necessarily 
be correct for all types of straighteners. He thought 
that since wire in 8 ft. diameter coils which ran off 
straight was now available, straighteners on the site 
were a thing of the past. The properties of the steel 
actually put into the job were known, and they were 
not altered by any site work. 


Mr. Masterman had said they always used 12-gauge 
wire, and he personally had never been satisfied that 
they should use anything larger in smooth wire for 
pre-tensioned work. Indented wire of 0.2 in. diameter 
was now coming off the production lines, and if it 
could be used, it would no doubt simplify the 
production of joists, since fewer wires would be used, and 
there would be no danger of bond slip in using them. 


Referring to the long-term tests, particularly the 
tests shown in Fig. 17 and Table D, he thought he could 
say that the original purpose of those tests was of 
reassurance. In earlier tests, it had been found that 
when load was left on over-night, or even for a few 
hours, the deflection of a prestressed member increased 
rapidly. They began to wonder how long it would 
go on increasing. They did not. know if failure would 
take place prematurely, and the tests were carried out 
to determine this. 


He would like to draw attention particularly to the 
beams loaded to 150 Ib. per sq. ft. This was equivalent 
to over go% of the ultimate load. The load was left 
on for ten months, and the deflection of the beam 
increased from 2.30 to 3.92 in. When it was off-loaded 
it recovered to 0.84 in. If it was assumed that the 
initial deflection was elastic, and the subsequent 
deflection was due to creep, then it could be shown 
that about 50 per cent. of the creep deflection was 


_ recoverable, which was a remarkable fact. The increase 


- commenced. 
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of deflection at normal loading was very small, and did 
not give cause for alarm. 

Before closing, he would like to express his appre 
ciation on behalf of the Development Engineer’s Section 
of the Ministry of Works to Mr. Masterman and his staff 
for all the work which they had given them during the 
past few years. It was not every designer who had 
a testing station at his back, and he was fully conscious 
of the advantages which they had had, and was grateful 
for and appreciated the help which they had received, 
and the way in which the tests had been carried out 
in the past few years. 


Mr. J. H. Humpureys said, with regard to the estima~ 
tion of the amount of prestress imparted to a wire, 
it was rather disappointing that it had been a7 
impractical to do that while listening to the musical | 
note emitted by twanging the wire. Some such method — 
had always appealed to him, as being easier and a more 
accurate way of determining prestressing. If possi 
he would like to see it given a further trial. 

He understood there was already an instrument 
used which measured the stress in rod by the frequency 
of a vibrating reed. 

He was responsible for the design of the L.C.C. floor 
described by Mr. Masterman in his paper, and he 
recorded his thanks for the enthusiasm and the help 
which Mr. Masterman and his staff gave him in the 
design and testing of it. The units themselves were 
designed to be capable of resisting dead and live loads” 
without any assistance. Although the tests indicated 
an increase of strength after fillmg over that of the 
individual units, he did not feel like allowing for the 
increased strength provided by the concrete fillings 
It was very poor concrete on the site, and one could 
not get that kind of strength which Mr. Masterman 
got at his testing station. 


He did not think he had invented anything ; the 
job was a straightforward one and, after all, they were 
using I-sections in cast iron 200 years ago. 


Mr. S. C. C. BATE said that in the tests made at th 
Building Research Station on the 5 in. x 24 in. joists, 
they had been interested in the ultimate strength of. 
these members. A satisfactory method of calculating g 
the strength of the joists was given on page 258° of 
the JouRNAL. It was assumed that at failure the 
compression zone of the concrete was uniformly stressed 
to 85 per cent. of the cube strength, and that the wires 
below the neutral axis were stressed to their tensile 
strength. This calculation gave a result which was, 
on the average, 10 per cent. higher than the experimental 
results. In some of the tests, measurements of strain. 
were obtained on the joists, and the stress-strain 
characteristics of the concrete and the steel were 
determined. It had been found that this latter informa- 
tion could be used to calculate the position of the 
neutral axis in the joist during the stages of loading 
between cracking and failure with reasonable accuracy, - 
but that the failing load was under-estimated by 
15 per cent. on this basis. When failure of the joist” 
occurred by crushing of the concrete, the neutral axis: 
had then risen to about 14 in. from the top. From 
these preliminary tests, a fundamental study of the 
failure of pre- -tensioned concrete members had been 


He would also refer to another section of their wor 
which dealt with the behaviour of the steel wire. A’ 
point of interest was the variation in properties whicl 
might be experienced, even within one coil of w 
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For tensile strength, they had obtained variations 
agreeing with those given by Mr. Masterman, but they 
had also found that, at the stresses normally adopted 
in prestressed concrete, the strain might vary along 
the wire. If the stress in the wires on the prestressing 
bed was judged from their extension, then, appreciable 
errors might occur, as the extension was usually calcu- 
lated from a few tests on short specimens. Their tests 
were being continued, to examine the influence of 
these variations in properties on stressing operations. 


Mr. R. H. SQguirE (Member), referring to the graph 
which Mr. Masterman had shown comparing the 
calculated deflection of a joist with the actual, said 
that two points calculated on the curve between the 
point of the first crack and the ultimate load were 
not actually shown. One of them was of interest, he 
thought, for the reason that this point was calculated 
for a value of 0.7 of the ultimate strain of the concrete, 
and that was what he would expect as the ultimate 
strength under repetition loading based on Dr. Probst’s* 
work. The value was 2,144 lb., load and deflection was 
2.50 in. : 

Another point on which he would comment concerned 
the two graphs in the paper, Figs. 21 and 22. 

Fig. 21 dealt with two groups of beams, and he would 
ask Mr. Masterman if each group was from the one 
batch of concrete; because he thought it rather 
surprising that there should be quite as much scatter, 
especially in the series FJ 111. 

_ That figure was an attempt to arrive at an acceptance 
test, which should be non-destructive, and that he 
understood to mean the loading should stop well short 
of that required to cause the first crack. Under those 
conditions, one could only get information on the 
quality of the concrete — if the position of the wires and 
the cross-section of the beam was exactly as intended 
they would get a very good “‘ E”’ value, which was the 
measure of the quality of the concrete. That was one 
of the things which might go wrong in construction. 
The other thing was the amount of prestressing, and 
on that particular point, a non-destructive test would 
give no information. The only information that could 
hs got as to the amount of prestressing which they 
had locked up was by the load required to produce the 
first crack. 

_ About the other diagram, Fig. 22, it showed the 
load value at first crack\and at failure. The loading 
on first crack increases almost directly with the amount 
of prestress, but the ultimate load does not, and so 
there is no direct relationship. On the right hand side 


there is a group of four tests on the six-inch joist. The 


tatio between first crack and the ultimate there was 
about 1.75. If the prestress was increased to about 
212,000 lb./in.2, the ratio between first crack and 
the ultimate would be only about 1.35. There was 
one suggestion he would make, and that was that 
when these tests were plotted, it might be helpful to 
Segregate the tests which failed in compression and 
those that failed in shear on separate diagrams. 


4 Reply to the Discussion 


_ Mr. MastERMAN, whose replies to questions had to 
be very brief owing to shortage of time at the meeting, 
has amplified his answers in writing. 

He said that he greatly appreciated the kind things 
Bid by the proposer and seconder and others, and he 
ew that they would wish him to share these con- 
atulations with the members of the staff at 
‘hatched Barn who had done the work. 


*THE STRUCTURAL ENGINEER, 1931, pp. 326 and 410. 
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_. He felt that Professor Baker had been unduly cautious 
in regard to the factor of safety against failure which 
designers could accept for prestressed work. His own 
view was that a factor of safety of 24 was adequate, 
in view of the fact that both the concrete and the steel 


‘were subjected during production to stresses higher 


than those which they were ever likely to experience 
afterwards, and in addition, because special care was 
necessarily taken in the manufacture of both materials 
because of the high strengths required. As mentioned 
in the paper, no conclusions had yet been drawn on 
the results of the long-term tests which were not yet 
complete. What was noticeable was that the strengths 
appeared to increase for a time after the prestress was 
effected, although it was generally expected that they 


-would fall, owing to creep and shrinkage of the concrete. 


It almost seemed as if in the first few months the unit 
was gaining strength by the hardening of the concrete 
at a faster rate than it was losing strength by creep. 
When failure occurred by crushing of the concrete 
in these -54 in.“ 2-in. joists; the neutral) axis had 
risen to about I} in. from the top, as was stated by 
Mr. Bate during the discussion. 

He was in full agreement with Mr. Vivian’s comment 
that one would expect to obtain economies by pre- 
stressing, even with quite small components. The 
data given in the paper showed that substantial savings 
in steel and in concrete had been obtained, as compared 
with equivalent designs in reinforced concrete. 

As regards the use of pressure for making high-strength 
concrete, Mr. Masterman said he was strongly in favour 
of this, and had shown the advantages of combining 
pressure and vibration when casting concrete products 
in a commercial development of prestressed joist manu- 
facture, which was described in the current (October, 
1950) number of CIVIL ENGINEERING. In this work, 
cube strengths of 5,000 lb. per sq. in. had been con- 
sistently achieved at 4 hours by combining pressure, 
vibration, and heat curing. The pressure of some 
20 lb. per sq. in. applied to the concrete surface had 
been shown to increase the 4-hour-strength by about 
1,000 lb. per sq. in. It gave the added advantages 
that the top of the casting was as well compacted as 
the bottom, that surplus water was squeezed out, 
and that if the cover was kept in place the casting could 
be immediately immersed in steam or water at 100°C 
without harming the concrete. 

He was grateful to Mr. Donovan Lee for showing 
slides of the prestressed sword which he had designed 
to erect at the recent Leeds Exhibition. There had not 
been time to discuss the vast possibilities inherent 
in prestressing, but this long and slender component, 
with its thin curved hand guard, the whole of which 
had been cast in small pieces and unified by post- 
tensioning, was a striking example of what could be 
done, even in these early days of using the technique. 

Mr. Masterman had long felt that the post-tensioning 
of factory-made pieces in this way was a very important 
development, and one which would quickly be exploited 
commercially, because it simplified the handling and 
transport of large units, and enabled the concrete 
to be cast in factories under conditions favourable for 
close control. 

He was sorry that he could at present contribute 
no information on thin prestressed floors on spans 
in excess of 23 ft., though he was inclined to agree 
with Mr. Lee that the possibility of danger from dynamic 
loads harmonising with the natural frequency of the 
floor might need to be examined. 

He was glad that Mr. Walley, in referring to the 
results of the long term tests, had brought out the 
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point that they were reassuring. He (the author) felt 
that all the development work done at Thatched Barn 
had pointed the same way. It had shown that the 
required high concrete strengths were not difficult 
to attain, that the stretching and anchoring of the 
tendons presented no undue problems, that the bond 
was effective in pre-tensioned work using small wires, 
and that the tests showed ample margins of safety 
in the products. 

Mr. Humphrey’s hopes of using aural methods of 
checking the stress in tensioned wires were, he thought, 
doomed to disappointment for various practical reasons, 
the chief of which was that the human ear is not 
sufficiently sensitive. It would be a great advantage 
to have a simple means of measuring the load in a 
stretched wire, and the author and his staff were con- 
stantly trying to solve this problem. 

Mr. Masterman was grateful to Mr. Bate for the 
information which he put forward so clearly during 
the discussion. The analytical work done by Mr. Bate 
on the tests which were made at the Building Research 
Station was most valuable in filling out the story of 
the development work, and in confirming to designers 
that a simplified method of calculation gave ultimate 
strengths in reasonable agreement with test results. 

Mr. Squire’s careful work had led to the same result, 
and had enabled him to forecast very closely, not only 
the first crack and the failing load of a prestressed 
joist, but the deflection at all loads up to failure. 

In Fig. 35, the author has superimposed on Mr. Squire’s 
calculated curve the deflections recorded from an 
actual joist. The close agreement would be seen. Up 
to first crack the curves coincided and the deflections 
were identical. (The figure did not quite show this, 
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because at first crack the joist was unloaded, and the 
graph showed the second loading). The failing load as" 
calculated was 5 per cent. on the safe side. The calcula-— 
tions, based on first principles, used only the properties — 
of the concrete (cube strength and modulus), and 
its actual dimensions and the dimensions, pre-tension — 
and stress-strain curve for the wire. The stress distribu- 
tion in the concrete at failure was taken to be represented © 


' by a hyperbola with eccentricity 2, as was advocated 


by Mr. Squire in his paper to this Institution of 
June, 1943. | 

As regards the scatter of points on Fig. 21, it should 
be noted that each series of joists was made from four 
different batches of concrete. On Fig. 22, joists which 
failed in tension had originally been separated from 
those which failed in shear, but as no trend was dis- 
tinguishable, they had all been plotted together in 
that figure. 


Mr. Masterman appreciated the valuable comments 
made by Mr. Squire concerning non-destructive tests. 


Written Communications 
From: Dr. P. W. ABELES (Member) 


Mr. Masterman’s paper contains some valuable 
test results. However, there are several points requiring 
clarification. For example, the author estimates the 
cencrete bending tensile strength from the recorded 
difference in-load at the first and second opening of 
cracks. This, in the writer’s view, is bound to lead to 
wrong conclusions. Tests on prestressed concrete beams 
have shown that, on reducing the load after first crack- 
ing, the cracks become invisible at a load being much 
higher than that at which the concrete tensile stress 


COMPARISON OF CALCULATED (By SQuiRE) AND AcTUAL LOAD — 
DEFLECTION CURVES FOR A 5%’x 2” PRESTRESSED JOIST. (628.0). 


3000 


2590. 
ZAGO. 


2000 


FAILED | IN COMPRESSION. 
°70" 


+ FAILURE OF CONCRETE. - 
EXPECTED. 
§ =437! 


1556. 
\5Z0O. 


LOAD, LBS: 


JOOO. 


Oo OS: re) 20 


FROM zero B.F). & = O499 


SPAN {248° 
LOADING AT _/4 poINTS. 


DEFLECTIONS OBTAINED BY CALCULATION SHOULD 
BE SLIGHTLY LESS, DUE Jo RESISTANCE OF 
CRACKED PORTION OF CONCRETE FOR WHICH NO 
ALLOWANCE 1S MADE. 


Foe) 40 


DEFLECTION INCHES. (6). 


Fig. 35 | 
if 
j 


d 
August, 1951 
j 


reverses into compression (i.e. when the prestress 
which was interrupted at the cracks acts again over 
the full length). It is true the fact that the cracks 
become invisible does not mean that they do not exist, 
but they have become very narrow (say less than 
I/I00 mm. = 1/2,500 in.), and they are not visible to 
the unaided eye. The author has come to the conclusion 
that the bending tensile strength (also called modulus 
of rupture) amounts to only 624 lb. per sq. in., by his 
arbitrary assumption that the tensile stress is zero 
at the re-occurrence of visible cracks. The magnitude 
of this load depends on the skill of the observer to 
notice cracking, but has nothing whatsoever to do 
with the zero stress. Numerous tests in this country 
and abroad have shown that the modulus of rupture 
for high strength prestressed concrete amounts to 
approx. 1,000 lb. per sq. in., and is much higher than 
the value obtained from test specimens 16 in. x 4 in. x 
4 in. of plain concrete. The bending tensile stress at 
first cracking can be obtained if the effective prestress 
is calculated ; this can be done fairly accurately, allowing 
for a suitable amount of losses of the initial prestress. 
With regard to post-tensioned beams, unfortunately, 
no data are given to obtain the stresses at ultimate load. 
From the loads at failure given in Table G, the maximum 
bending moment cannot be calculated, and it would 
be appreciated if the author would publish the missing 
data (maximum bending moment, details of cross- 
section including position of steel, and concrete strength). 

The author states on page 262 ‘“‘that the use of 
Wire 0.2 in. or larger diameter would not generally be 
recommended for bonded work unless it has been 
mdented, deformed, or otherwise treated to improve 
its bonding qualities.’’ While the writer agrees that 
a better bond is attained by using smaller diameter or 
mdented or deformed bars, it must be said that plain 
).2 in. diameter wire without special treatment has 
proved very satisfactory in pre-tensioned construction, 
provided that sufficient bond length is available. The 
writer is connected with the construction of 17 highway 
bridges over railways, in which such wire has been used 
n beams of approximately 30 ft. length, and several full- 
ize failure tests and numerous deflection tests have 
ziven complete satisfaction. 


From: Mr. H. T. HoRsFIELD 

-As the author has stated, the work at the Thatched 
Barn was primarily operational research, an important 
jeld of investigation hitherto neglected, and the main 
art of the paper deals with the valuable results obtained 


n tackling practical problems. The many tests carried | 


ut, however, afforded opportunities for investigating 
some of the fundamental properties of concrete, and 
m page 259 the author has derived a figure for that 
neasure of safety of the quality of the concrete known 
is the bending tensile strength or modulus of rupture. 
On page 253 in Fig. 18, the load-deflection curve is 
fiven for one of the tests on which the calculations 
vere based. Under zero load, the ‘effective prestress 
vas the only stress acting in the bottom fibre of the 
oist. As the load was applied, this compressive stress 
vas gradually reduced to zero, and further loading 
aused a tensile stress to develop. This tensile stress 
radually increased until it exceeded the tensile strength 
Mf the concrete, and cracking was first observed at 
in applied load of 1,600 lb. Assuming a straight line 
ress distribution for the uncracked section, the change 
f stress in the bottom fibre can be easily calculated 

dividing the applied bending moment by the section 
nodulus. In this case, a tensile stress of 3,250 Ib./sq. in. 
lad been superimposed on the original compressive 
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prestress. At the second loading, cracks were noted 


_ earlier, when the applied load was 1,300 lb., and the 


applied tensile stress in the bottom fibre was 2,650 lb./ 
sq.in. The author takes this difference of 600 Ib./sq. in. 
te represent the initial tensile strength of the concrete, 
which ceased to be effective when the section cracked 
under the first loading. 

But a corollary of this reasoning is that when the 
cracks opened on the second loading, the stress in the 
bottom fibre had just become tensile, and that the 
applied tensile stress cf 2,650 Ib./sq. in. had just 
balanced the effective compressive prestress. On the 
data given for the section, 2,650 lb./sq. in. seems an 
impossibly high figure for the effective prestress. 

Moreover, a reference to the similar load-deflection 
curves of Fig. 19 shows that as the first loading was 
reduced the cracks remained open at loads down to 
8o Ib./sq. ft., whereas the author’s reasoning requires 
compressive stresses in the bottom fibre at all loads 
up to 95 lb./sq. ft., when the cracks re-open on the 
second loading. One cannot imagine the cracks remaining 
open if the stress really were compressive. 

From the figures given in the paper, it appears that 
the effective compressive prestress in the bottom fibre 
of the joist at the time of testing was roughly 
2,100 lb./sq. in. If the cracks first occurred when the 
applied tensile stress was 3,250 lb./sq. in., the concrete 
bending tensile strength would be about 1,150 lb./sq. in., 
but, as the author remarks, the first crack is difficult 
to define, and it is probable that unobserved cracking 
had occurred at a lower stress. 


Reply to Written Communications 


Mr. MASTERMAN writes: 

Dr. Abeles has raised questions concerning the 
stresses in the beams post-tensioned by the Lee-McCall 
method: he also challenges the author’s statement 
that plain 0.2 in. diameter wire would not generally 
be recommended for bonded work, unless treated to 
improve the bonding qualities. 

As mentioned in the paper, Professor Ross is publishing 
full particulars of the tests on the Lee-McCall beams, 
of which brief particulars were given in Table G. As 
regards bond with wire of 0.2 in. diameter, it is reassuring 
to know that Dr. Abeles has had satisfactory results 
from numerous bridge tests; and it is well known 
that plain 0.2 in. diameter wire has so far been used 
successfully in large numbers of sleepers, where the 
anchorage length is short and the loading conditions 
are severe. There is no doubt that such wire does 
give satisfactory bond, provided the concrete is good, 
and the spacing and anchorage length is adequate. 
None the less, the author supports the present trend 
towards greater safety by improving the bond by some 
inexpensive surface treatment. 

Considerable interest has been evinced in the author’s 
suggestion that the bending tensile strength or rupture 
modulus of the concrete in a pre-tensioned unit may 
be assessed from the difference in. Joad required to 
cause the first crack and to re-open the same crack 
on re-loading. In the paper, a rupture modulus of 
624 lb. per sq. in. was deduced in this way, and was 
compared with a figure of 808, arrived at from laboratory 
tests on 4in. < 4in. beams made from the same concrete. 
The author believes that this figure of 624 lb. per sq. in. 
more nearly represents the actual bending tensile 
strength of the concrete in the joists concerned than 
does the figure of 808 obtained from specimens of 
substantially larger section, made and tested under 
laboratory conditions. It is considered a valuable 
advantage of the method suggested that the modulus 
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is obtained from the actual unit, and without having 
to make any assumptions as to the actual prestress in it. 

However, both Dr. Abeles and Mr. Horsfield question 
the validity of the answer obtained, on the ground that 
the author has assumed that the tensile stress in the 
bottom flange is zero when the crack reappears. 
No such assumption has in fact been made. Nor is the 
author unaware of the uncertainties of crack observation 
especially in varying circumstances and by different 
observers. Such uncertainties are, however, largely 
eliminated in the proposed method, which requires 
a simple observation to be made twice by the same 
observer under identical conditions. He must say, 
on two loading occasions, when he first sees a crack 
appear. It does not much matter what is the size of 
the smallest crack he can see ; but there is some likelihood 
that he will see it a little earlier in its development 
on the second occasion, because he knows where to 
expect it ; to this extent, the modulus obtained will 
be a little’on the ‘high side. What has been assumed 
in putting forward this suggestion -is that the load 
difference between the visible openitig and re-opening 
of the first crack will not differ much from the difference 
between the load corresponding to no stress in the 
bottom flange, and the load at which the first crack 
really (though invisibly) does begin to'form; there 
are some grounds for this assumption. ° 

The sequence of events on loading “a prestressed 
beam are considered to be as follows: before loading 
begins, the bottom flange is in compression ;: as load 
is applied, this compression is gradually reduced until 
a particular load exactly cancels it; as loading is 
continued, the stress: becomes tensile, but no crack 1s 
started because the concrete 1s able to sustain a certain 
amount of tensile strain. It is only when the load has 
increased to the point at which the limit of this strain 
has been reached that cracks begin to form (invisibly), 
and the load/strain or load/deflection curve turns 
away from the straight line. At a still later stage in 
the loading cycle the first crack becomes visible. This 
sequence is clearly illustrated in Fig. 36, which shows 
the actual strain readings recorded by Mr. Bate at 
the Building Research Station plotted against the 
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berger extensometer a bridged one of the. first 
cracks. 

Fig. 36 shows strain inthe bottom flange plotted 
against applied load. A scale of calculated bottom flange — 
stresses has been fitted on the left. The prestress 
of 1,720 lb. per sq. in. used as the base of this scale 
is a calculated figure of 1,900, reduced to 1,720 by the ' 


load for one of the joists'in question. The lin, Huggen- : 
‘ 


_self-weight of the joist. This prestress of 1,900 is rather 


below what was intended, but is computed on the 
actual measurements of the joist, which was made © 
in worn moulds, and was not strictly to the specified 
dimensions. At the top of the scale is the rupture — 
modulus, cbtained experimentally from 4 in. x 4 in. 
section test beams, and this is placed opposite the — 
calculated cracking load. 
On ‘first loading, the prestress becomes cancelled 
at some point near to A, where compression in the — 
bottom flange: changes to tension (calculated load — 
940 lb.). ‘Further loading is balanced by the tensile 
strain in the concrete, until at a point somewhere in — 
the neighbourhood of B, the limit of this strain is — 
reached, and cracks begin to form; this is where the 
curve starts to leave the straight line. These cracks — 
first become visible at C, where they are rather over 
half a thou. in width (observed load 1,520 Ib.). On 
the unloading curve, the point at which the cracks 
close is not ‘of. interest because, of the -largeyhysteresis — 
effect. -Onre-loading, the cracks will now begin to. 
re-open near A, but-are not seen until the point.D is 
reached, where they are.rather under half a thou. in — 
width (observed load 1,200 Ib.). H 
The author’s modulus of 624 is marked in on the 
stress scale, and it will be seen that it corresponds — 
to an applied load of about 1,286, represented by 
point E near where the curve is bending away from 
the straight line. It will also be neticed that the 


observed load difference between C and D is of about 
the same magnitude as that between A and B, which 
corresponds to the rupture modulus. 2 

It would be interesting to know what method was 
used to derive the high rupture modulus figures quotes 
by Dr. Abeles. 
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The Tuscan Boracic ‘‘ Soffioni”’ 


and their Development at Larderello* 


Discussion on Dr. Ing. Alfredo Mazzoni’s Paper 


Mr. R, C. S. WALTERS, B.Sc., M.I.C.E., President, 
mstitution of Water Engineers, and President of the 
British Section of the Société, presided at the meeting. 
de was accompanied on the platform by Mr. J. E. 
Swindlehurst, M.A., M.I.C.E., the President of the 
institution. 


The CHAIRMAN introduced Dr. Mazzoni, and thanked 
vim for having so kindly prepared the paper. 

He said that in 1946 the Societa Larderello appointed 
Dr. Mazzoni as Director General to rebuild the in- 
stallations destroyed during the war. Whilst that 
was carried out in record time, he proceeded to design 
the new Larderello III Generating Station, which 
was described in the paper. It was a very interesting 
and original piece of work. 


PMtesPETER) GERARD, A.M.EE.E., M.I.Struct.E., 
(Member of the Société), who had translated the paper, 
then presented it on behalf of Dr. Mazzoni and 
sxplained the large number of lantern slides which 
were shown. A film which had been produced at 
Larderello depicting the construction and the operation 
of the plant was also shown). 


THE CHAIRMAN (Mr. R. C. S. Walters) congratulated 
Dr. Mazzoni on his paper, and paid tribute to Mr. 
Peter Gerard for having translated it and presented 
t to the meeting. He proposed formally the thanks 
of the meeting to Dr. Mazzoni and Mr. Gerard. 

_ He said it was known that there was coal in Italy ; 
apparently, the equivalent of 600,000 tons of coal 
per annum had been obtained through the old plant 
at Larderello, and of goo,ooo tons per annum from 
the Larderello III plant. In the latter plant, apparently 
the steam was taken straight into the turbines, whereas 
in the old plant the steam had to go into boilers or 
heat exchangers on the way. 

In Great Britain, the nearest phenomenon to the 


Italian source of underground heat was to be found ~ 


at Bath, where the temperature of the Roman baths 
was 120°F., which was nowhere near boiling point ; 
the water came up to the surface, as it had done since 
Roman times. There were one or two places in England 
also where we could get gas, and in one place, somewhere 
in Sussex, the gas was used for lighting the railway 
station. Dr. Mazzoni had set us wondering whether 
we could derive power from deep boreholes in this 
country. There were deep artesian boreholes at Slough 
1,500 to 1,800 ft.), but if the water were allowed to 
overflow after it had been tapped, the boreholes became 
filled with mud in a matter of seconds. But apparently 
at Larderello the steam could be allowed to go into 
the air, or it could be corked down, which was very 
interesting as an engineering feat. 


*Read before a Joint Meeting of the British Section of the Societe 
; Ingenieurs Civils de France and the Institution of Structural 
Engineers at 11, Upper Belgrave Street, London, S.W.1., on 
hursday, 5th April, 1951, at 6 p.m. Published in THE STRUCTURAL 
IGINEER, Vol. XXIX, No. 4, pp. 97-106. (April, 1951). 
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He asked if the origin of the steam was rainfall or 
water inherent in the molten rocks. 


Mr:- J; Es, (Swinpienurst,. MA. MLC Ee 
M.I.Struct.E. (President of the Institution of Structural 
Engineers), seconding the vote of thanks, said the 
meeting could not have listened to a more interesting 
paper, which indicated not only a magnificent feat of 
engineering, but a display of initiative which was 
very refreshing in these days. It was something of 
which Dr. Mazzoni and all associated with him would 
be extremely proud. 

Mr. Swindlehurst, speaking Italian, warmly welcomed 
Dr. Mazzoni, and expressed the added pleasure it 
had afforded the meeting to welcome on that occasion 
Signora and Signorina Mazzoni. 

(The vote of thanks was accorded with enthusiasm, 
and Dr. Mazzoni briefly responded). 


Mr. -<W. “HAWTHORNE, SOL1L-C.E. M.LEE, -(Past 
President of the British Section of the Société), said 
that in the hall of the Institution of Structural Engineers, 
through the courtesy of that body, they had listened 
to many interesting papers, but none on so unusual a 
subject as that by Dr. Mazzoni. All were indebted 
to him for having prepared so lucid an account of 
the Larderello installations, and for having described 
and illustrated the work. 

It had been explained that heat came from a reservoir 
of molten or very hot rocks, at varying depths down to 
16,000 ft. below the surface of the ground. That was 
understandable ; but where did the flow of water come 
from, and where was it converted into the steam, which 
formed 96 per cent. of the vapour emerging from the 
surface? The flow of 54 million lb./hr. amounted to 
about 25 cusecs, which was quite a sizeable stream, 
and that stream must be fed from a large perennial 
spring or a fresh water lake. Great courage must have 
been displayed by those who had installed tens of 
thousands of kilowatts of generating plant on the 
assumption that, with the increased utilisation of the 
vapour, the supply would not become exhausted in 
the near future. We were told that vapour had been 
coming out of the ground since the first century, but 
not at the rate at which it was coming out now, and 
one began to wonder how long the supply of water 
would last. No doubt there was plenty of heat. 

The accessibility of subterranean heat had been 
exploited in Iceland, though on a much smaller scale 
than at Larderello. The city of Reykjavik drew hot 
water from wells about ten miles outside the city. 
There, some 40 of those wells or boreholes, of from 
4 to 8 in. in diameter, which had been sunk to depths 
varying up to 2,000 ft., and they gave a flow of water 
of nearly 4,000 gallons per minute at a temperature 
of 190°F. The water was pumped to concrete tanks 
at the edge of the city, from which it was distributed 
to about two-thirds of the houses there for heating. 

A matter on which Dr. Mazzoni and his co-workers 
deserved congratulations was the rapidity with which 
the war damage at Larderello was repaired and the 
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Fig. A.—Generating stations 


installations put into working order again. One rather 
doubted that it could have been done so quickly in 
this country. Larderello III was going to be a magnifi- 
cent station, and obviously the machines were of first- 
class design. It had been stated that the power station 
would contain 30,000 kW. main sets, and would produce 
800 to goo million KWH. per annum, the consumption 
of vapour being 21 lb./kKWH. That compared quite 
favourably with the performance of modern thermal 
stations in Britain, and it was evident that the plant 
at Larderello had been carefully designed for the local 
conditions. 

The reference in the paper to sulphur and ammonia 
immediately raised the spectres of corrosion and 
embrittlement. Their effects might be retarded by the 
relatively low temperature and pressure of the vapour, 
but it would be interesting to know of what materials 
the pipes, valves, and turbine shafts and casings were 
made, and whether signs of corrosion had appeared 
where two different metals were in contact. Mr. 
Hawthorne also asked for how many hours the turbines 
were run before they were opened up and overhauled. 

Dr. Mazzoni had not yet found a way of determining 
where boreholes should be sunk in order to secure a 
good flow of vapour, although he had tried geophysical, 
electrical and seismological methods. It was to be 
hoped that he would continue his investigations and 
that, when they had succeeded, he would come to this 
country again, and tell us where to put down bores 
in order to tap the unlimited supply of heat in the 
interior of the earth, whereby to supplement our 
diminishing supplies of coal. In any case, if Dr. Mazzoni 
did come back here, we should always be delighted to 
welcome him, and to hear more about the wonderful 
developments which were being made at Larderello 
under his guidance. 


Mr. Bryan Donkin, M.I.E.E., discussing the power 
development side of work at Larderello, said the steam 
was generated in a “ boiler’’ thousands of feet under- 
ground, and there was in effect a long pipeline between 
that boiler and the turbines. Something like one million 
pounds of steam would be extracted hourly. How 
did Dr. Mazzoni know at what pressure he would 
obtain it from the boreholes when drawing that quantity 
of steam? It seemed that he must have some very 
good data to work on in order to determine that pressure, 
because presumably he had to design the station and 
build the turbines before the full quantity of steam 
could be drawn. 

In all the stations, surface jet condensers were used 
for condensing the natural vapour. Judging from what 


near to the company’s boreholes. 
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one had Leard, and also from a reading of the Paper 
by Virgili on “‘ The Application of Natural Steam to- 
the Production of Electric Power,’ presented io the 
Fourth World Power Conference in 1950, it seemed that 
there was a great shortage of water at Larderello, 
and that the only way in which to make up the water 
required in the cooling towers was to add the cooling 
water from the steam turbine exhausts. It seemed — 
also, that the circulating water from the turbines — 
would gradually increase,the quantity of salts in solution, — 
before it came to the chemical works for the extraction — 
of the boric acid. Mr. Donkin asked for a little more — 
information about that. 

The ordinary steam turbine designer would ask, 
why expand steam and vapour down to atmospheric — 
pressure only, and why not take it right down to a 
much higher vacuum? One imagined the answer was 
that, because there was 6 per cent. of non-condensing - 
gases, it would be necessary to compress the gases 
up to atmospheric pressure again. It seemed, however, 
that expanding only to atmospheric pressure meant 
throwing away a lot of heat to the cooling towers, — 
whereas it would be valuable if it could be used ; maybe 
Dr. Mazzoni used it later for the evaporation ond 
concentration of the boric acid salts. 
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Mr. J. M. BurneTT, A.M.I.E.E., raising a legal point 
said that in this country until recent legislation was 
passed, if one bored for water there was nothing to- 
stop anybody else boring next door and taking the — 
output of one’s boring. He wondered whether the 
company which operated at Larderello had a concession. 
covering the whole of the area concerned, or whether 
there was the possibility of a pirate opening up ve 


In connection with the winning of oil and other 
liquid materials, a lot of time was spent in drilling 
wells which never came to anything. He asked whether 
all the drillings in the Larderello area were success 
and had produced steam. } 

One would like to know also, whether any estimate 
had been made of the total amount of steam likely t 
be available from that area. The output was fairly larg 
at the moment, but he would like to know what was — 
the limit. 

Again, he asked whether any effort had been made 
deliberately to increase the amount of steam by putting 
down water. In Alberta, Parsons had proposed putting 
water down a borehole and extracting steam from it. — 

Finally, if the output at Larderello were continually 
expanding and wells were being drilled continuo 
there was a prospect, when a new well was being d 
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by the Larderello company, of reducing the pressure 

one of its pre-existing wells. Mr. Burnett wondered 
whether that had in fact occurred, and whether the 
wells showed a general decline in output as the years 
passed. 


) Mr. .F. S. Snow, M.1.C.E., M.I.Mech.E. (Past Presi- 
dent, Institution of Structural Engineers), asked whether, 
as the result of the continual boring of wells, there 
was undue settlement of the ground surrounding the 
actual properties ? Recalling also that the power houses 
were in many cases of tubular construction, he wondered 
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whether, as the result of the continual taking of water 
from the subsoil, there was any settlement there, as 
happened frequently in this country. 

Secondly, he asked whether any particular pre- 
cautions were taken to protect the structural steel 
from the effects of the acid fumes ? 

_ Thirdly, what was the thickness of the water cooling 
tower walls, and were they affected by the acid and 
the fumes coming therefrom, or was it necessary to 
upply a solution to protect the concrete, or even on 
ecasions to repair with gunite ? 


' Mr. B. A. E. Hiey, M.LC.E., M.1Struct.E., asked 
what happened to the cooling tower which, as was 
shown by the pictures, was hit so centrally as to blow 
ff the upper region. What reparations were necessary 
n the lower part of the tower ? It had taken 12 months 
fo reconstruct entirely, which he considered to be a 
record. 
strip it, or whether they just built on to what was left 
after the bombing of the structure ? 


Mr. Battor Scott, Editor, THE MINING JOURNAL, 
asking exactly how deep were the boreholes at Larder- 
ilo, said that oil boreholes had been driven to about 
he ft. in California or somewhere in the Western 
States. Were exploratory borings made at Larderello 
(0 test the conditions to the maximum depth that 
sould be reached ? Presumably, where they were boring 
eeply, they were definitely following the practice of 
the oil industry. 

_ He also asked what was the output of gases in the 
sourse of a year ? 


Mr. PETER GERARD, replying on behalf of Dr. Mazzoni, 
said that in answer to Mr. Walter’s question, the origin 
the steam was not known with accuracy. According 
the most modern theories, however, the steam arose 
ym a magmatic mass in process of solidification 
tolite), at a depth of about 20,000 ft. 


He asked whether it had been necessary to . 
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It was already known that during the process of 
cooling and successive crystallisation of molten magma, 
remarkable quantities of superheated steam were 
released. 


It was conceivable that this steam, mixed with small 
quantities of underground water vapour produced 
through infiltration of ground water by contact with 
hot rock formation. Such quantities were small, 
however, since heavy rainfalls did not seem to influence 
the rate of flow of the steam. 

Dealing with the contribution by Mr. Hawthorne, 
he said that a method of estimation of the volume 
of this batolite would be given in the second edition 
of Dr. Mazzoni’s new treatise: ‘‘ The Tuscan Soffioni 
and the Installations at Larderello ”’ now in the press. 


It would show that the volume of batolite necessary 
to produce the actual quantity of steam during several 
thousand years would not appear excessive, but was 
well within the range of subterranean manifestations 
of steam. 


No special corrosion had been observed in the steel 
water vapour pipes, which were well lagged against 
possible thermic losses. 

Both the pure steam turbines and those fed from 
natural water vapour with exhaust to the atmosphere 
worked regularly, and required only short interruptions 
for maintenance purposes. 

The direct injection natural water vapour turbines 
with condensers and compressors also worked regularly, 
but since they had been in commission only a short time, 
it was difficult to comment on the interruptions required 
for maintenance purposes. 

Replying to Mr. Donkin, he said it was true that 
there was a very considerable pressure loss in the 
borings. At the bottom, the pressure was 25 to 30 
atmospheres, and at the top it was 5 atmospheres, but 
even this low pressure was sufficient to generate 
electrical energy. 

No increase in the quantity of salts in solution had 
been observed in the cooling tower ponds or in the 
open water channels. 

Replying to Mr. Burnett, concessions had been 
obtained from the provinces of Pisa, Livorno, Grosseto 
and Firenze, covering territories which extended very 
widely around the centre of operations. 

In the Larderello area, the majority of the borings 
gave excellent results. In other districts, however, 
a few borings gave disappointing results: some with 
very little steam and others with none at all. Electrical 
prospecting was now under way, and gave valuable 
information for the siting of new borings. 

No assessment could be made at present concerning 
the availability of the water vapour in the subsoil, 
as they were not dealing with normal mineral deposits. 
However, whilst the Larderello district had been entirely 
developed, there were many other resources which 
still remained to be extracted within the extensive 
regions under concession. 

A few borings carried out in the close vicinity of 
existing ones had slightly reduced their output ; this 


-would indicate that there might be subterranean 


contact between them. However, when the borings 
were sufficiently apart, say between 500 and 700 feet, 
there was no reduction in the output. 

Replying to questions raised by Mr. Snow, Mr. Gerard 
said there were ground settlements, no doubt, but it 
had apparently not affected the ground structures, 
which were light structures designed to give a relatively 
small load on the ground. The Larderello III Power 
Station weighed only 300 tons and was designed so that, 
except for the 60 ton travelling crane, no heavy loads 
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were carried by the building structure. The roof had 
been designed for a superimposed load of 18.5 Ib. per 
sq. ft., and the wind pressure had been taken at 
16.4 lb. per sq. ft. 

It was necessary to design the framework so that 
it could be transported over mountainous country, 
and the light sections adopted were admirable for 
facilitating transport and for effecting economy in 
materials. 

Steel tubing was largely employed. The frames 
were designed so that practically all the material 
was used to its best advantage. The main tubes were 
placed to give the maximum moment of inertia to 
resist the bending moments, and the stiffening members 
were arranged to take the shear stresses. 

To reduce the bending moments in the columns 
produced by the weight of the roof, ties were introduced. 
Under this loading, the columns acted largely as columns 
with hinges at the top. The bases of the columns were 
anchored to the foundation. With-such a large light 
structure, the moments produced by wind pressure 
were exceptionally important. The designers had 
carried the crane girders on brackets so that the frames 
could be kept to a practically constant section, and 
consequently, made strong enough to resist the wind 
pressure and dynamic forces from the crane. 

The work was carried out entirely by the firm of 
Antonio Badoni, of Lecco, who were specialists in this 
type of structure. 

The only precautions taken to protect the structural 
steel from the effects of the acid fumes consisted of 
the usual red:lead primer with one coat of aluminium 
finishing paint. The conductors for the transport of 
electrical energy were made of Aldrey cord, which 
was an aluminium alloy consisting of :— 


98.7% aluminium ; 
0.4% magnesium ; 
0.6% silicum ; 
0:8% aron 

and possessing the following characteristics : 


Specific gravity 2.7 


Maximum tensile stress 30 to 35 kg./mm.? (43,000 to 50,000 lb. 
per sq. in.) 


Elastic limit 21 to 25 kg./mm.* (30,000 to 35,000 Ib./sq. in) 


Modulus of Elasticity 6,300 to 6,500 kg./mm.? (9 millions 
Ib./sq. in.) 


Coefficient of lineal expansion 0.000023 per °C. (0.000013 per °F.) 


Conductivity in relation to copper (equal section) 52: to 55% 


Temperature coefficient 0.0036 


Institution Notices 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, 28th June, 1951, 
at 5 p.m., Mr. J. E. Swindlehurst, O.B.E., M.A., 
M.I.C.E., M.I.Struct.E. (President) in the Chair. 


The Minutes of the Ordinary General Meeting held 
on the 26th April, 1951, as published in the Journal 
in June, were taken as read, confirmed and signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below should be referred to 
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The thickness of the hyperbolic shell of the wate 
cooling towers was II cm. (approximately 4} in), 
and it was true that the concrete was protected with 
gunite against the acid fumes in the atmosphere. The 
cooling tower ponds were protected with a #in, 
rendering and two coats of bituminous paint. 

In answer to Mr. Hiley’s question, the second cooling 
tower of Larderello II Generating Station was rebuilt 
by Messrs. Siderocemento, who built the Larderelle 
cooling towers. After examination of the damaged 
structure, it was decided to rebuild the tower shell 
on the same pond and foundations after damage had 
been made good. Tubular scaffolding was used through- 
out, and the shell was completed in four months. y 

Regarding Mr. Baliol Scott’s remarks, the deepest 
boring ever carried out at Larderello was 5,300 ft., and 
the yearly output at Larderello was assessed at 20,000 
million tons. 

Dr. Mazzoni asked Mr. Gerard to say that a few days 
before leaving Italy, he was informed that a remarkable 
discovery was made by a mass spectographic on th 
gases from Larderello borings : 

The two isotopes A*® and A** in the rare gas Argon 
are in a ratio different from that usually found in th 
air. That is to say: ' 

A4o 


Larderello gases 


+ o_o 


A36 
tie Z0 


; A140 
Air’ 


A36 ‘ 

This might lead to the belief that the origin of the 

gases at Larderello may be related to the probable 
deep strata of potash. 


THE CHAIRMAN thanked Mr. Gerard again for the 
able manner in which he had dealt with the questions 
raised. _ 

He also thanked the Institution of Structural Engin- 
eers, on behalf of the British Section of the Société des 
Ingenieurs Civils de France, for having published the 
paper in the Institution’s Journal. . 


CORRIGENDA 

The following amendments are noted :— 
THE STRUCTURAL ENGINEER, April, 1951 y 

Page 98, last paragraph, line 2 to be replaced by’the 
following : “‘ carbon dioxide and, in the following order: 
methane ” | 

Page 104, line 27. For “‘ Carborundum ”’ read “ Boron) 
carbide.” . 

Page 104. The caption under Fig. 8 should read 


“ Larderello II rebuilt.” | 


and Proceedings : 
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HONOURS AND AWARDS 


In offering their sincere congratulations to th 
following members on the distinctions recently conferred 
upon them, the Council feel that they are also expressing 
the good wishes of the Institution : 

ORDER OF THE BRITISH EMPIRE—C.B.E. 
Mr. C. H. ASLIn (Member). 


ORDER OF THE BRITISH EMPIRE—O.B.E. 
Mr. W. Davies (Member). 


REPRESENTATION 


The Council have made the following nominations 
of members to represent the Institution :— 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY 
(CONCRETE TECHNOLOGY ADVISORY COMMITTEE) 
Mr. E. GRANTER (Vice-President) — re-appointment. 
BUILDING RESEARCH CONGRESS 1951 7 
Mr. E. GRANTER (Vice-President). 
Mr. S. VAUGHAN (Vice-President). | 
a 


BUILDING RESEARCH CONGRESS, 1951 


A copy of the preprint of the papers to be given in 
Division I of the Building Research Congress will be 
available in the Library early this month. A leaflet” 
describing the scope of the above congress was distri- 
buted with THE STRUCTURAL ENGINEER, October, 1950. 


ENGINEERING, MARINE AND WELDING 
EXHIBITION 


The Directors of the Engineering, Marine and Welding 
Exhibition, which will be held at Olympia fron 
30th August to 13th September, 1951, have invit 
all members of the Institution to visit the Exhibitio 
on Wednesday, 5th September, 1951. Tickets of ad 
mission, each available for two persons, which may 
used for the official visit or on any other single day, 
may be obtained on application to the Secretary. 


SUMMER SCHOOL IN RELAXATION METHODS 


A Summer School in Relaxation Methods has been 
arranged for the three weeks September 3rd-2Ist, 1951 
at the Imperial College of Science and Technology. — 

The course, which will cover the numerical solution 
of linear algebraic equations, framework problem 
Laplace’s and Poisson’s equations, the biharmonic 
equation, eigenvalue problems, the heat-conduction 
equation, etc., will consist of daily lectures in 
mornings, beginning at 10.15 a.m., with numerous 
examples to be solved under supervision in the after- 
noons. 

All enquiries regarding the course should be addresse 
to Mr. D. N. de G. Allen, Imperial College, Lond 
S.W.7. | 


PERSONAL . 

Dr. A. M. Ballantyne, B.Sc: (Eng.), A.M.1Gae 
(Associate-Member) has been appointed Secretary 
the Royal Aeronautical Society. 


Mr. F. R. Bullen, M.I.C.E. (Member of Council) has 
been joined in partnership by Mr. F. E. Fowkg 
A.M.1.C.E.. (Member), and Mr. F. G. Etches, Ba 
A.M.I.C.E. (Member), and the practice is now known 
as F. R. Bullen and Partners. 


Dr. A. W. Hendry, B.Sc., A.M.I.C.E., (Associate) 
Member), has been appointed Professor of Civil Engin- 
eering at the Gordon Memorial College, Khartoum 
Sudan. 

Mr. L. E. Kent, B.Sc.,(Eng.), M.I.C.E., M.1 Stratis 
has been appointed the Institution’s representative 
upon the Committee formed by Mr. Hugh Dalto 


— i 
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finister of Local Government and Planning, to revise 
nodel building By-Laws. 


DRURY MEDAL AWARD 


The third competition for the above award will take 
lace in 1951, and the subject will be the design of a 
einforced concrete garage with provision for erection 
bove it of future superstructure, the garage being 
ubjected to unbalanced earth pressure. 

Graduates and Students of the Institution who wish 
© compete are invited to apply for full details to the 
ecretary ; envelopes to be marked in tke top left-hand 
orner ‘‘ Drury Medal Award.” 

The closing date for the competition is October rst, 
gst. 

The general conditions of the competition are as 
allows :—_ 

1. The competition shall be for Graduates and 
tudents of the Institution of not more than 25 years 
f age. ; 

2. The subject of the competition shall be a design of 
structural character, that is to say, primarily structural 
esign, not planning. : 

3. The subject of design and conditions shall be 
repared and issued biennially by a group of five 
nembers appointed by the Council. 

4. The Literature Committee shall appoint a jury of 

ot less than five to examine the works submitted and 
9 interview candidates, if found necessary. 
5. In order to show that the work submitted is solely 
he work of the competitor, the documents submitted 
hall be countersigned by a corporate member of the 
nstitution, or, failing this, shall be accompanied by a 
eclaration on a prescribed form signed by the candidate 
1 the presence of a Justice of the Peace or a Commis- 
ioner for Oaths. 


RESEARCH AWARDS 


~The Council have instituted a Research Prize Fund, 
om which awards may be made annually to the author 
r joint authors of papers describing original research 
hich they have carried out. Research awards may 
e made for papers read at Headquarters or in the 
ranches and published in the Journal, or for papers 
ublished in the Journal only without being read at an 


pen meeting. 

The assessment for such awards will bemade annually, 
ut awards will be made only to the contributors of such 
apers as reach a standard judged by the Literature 
ommittee to be satisfactory. 

Work submitted under this scheme must be original 
nd may include any of the following :-— 

(a) investigations of an experimental or analytical 
haracter ; 

‘(b) studies of historical or statistical records ; 

a. improvements in principles or methods of con- 
Tuction ; ; 
(d) research into methods of structural engineering 
nd building, the nature and use of plant and the 
fganisation of engineering work ; 

‘(e) any related or combined studies which are deemed 
r the Literature Committee to be of a research 


laracter. 
= cases where the research work described in the 
er was not the work of one individual, the names of 
the collaborators should be given in the paper. 
wards may take any or all of the following forms :— 
esearch medal ; a diploma ; a money prize. 
ipplication for consideration for a research award 
be made to the Secretary of the Institution, and in 
daring papers for reproduction in the Journal, authors 
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must comply with the conditions laid down for all such 
contributions. Particulars of these conditions may be 
obtained from the Secretary. ; 

In judging research papers, the following factors will 
be considered :— 

(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 
and art of structural engineering ; 

(c) the standard of preparation and orderly arrange- 
ment of the subject matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1950, and September, 1951, is October 31st, 
IQ5I. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 
A visit has been arranged to Bankside Power Station 
on the 25th August, to view the Station under con- 
struction — mainly steelwork. The party is to meet 
at 9.45 a.m. outside Southwark Cathedral. All members 
of the Section are encouraged to attend, as the visit 
should prove very instructive. 
Hon. Secretary : D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The Branch Committee has been constituted as 
follows for the Session 1951-52 :— 

Chairman : R. Gray (Member). 

Vice-Chairman : W. Bates (Member). 

Immediate Past-Chairman: A. V. 
(Member). 

Hon. Auditors: F. Walkden (Associate-Member), 
J. E. Guest (Associate-Member). 

Hon. Secretary : A. S. Sinclair (Associate-Member), 
28 Kenwood Road, Stretford, Lancs. 

Hon. Assistant Secretary : M. D. Woods (Graduate). 

Committee: F. C. Brookhouse, A.M.I.C.E. (Past 
Chairman), P. Mather (Past Chairman), A. L. Grimshaw, 
F,.R.I.C.S. (Member), F. J. Bown (Member), Professor 
Jo ASekee Matheson MB.E.¢. PRD. MSc. (MLE 
(Member), J. H. Morris (Member), M. K. Bryce (Asso- 
ciate-Member), G. A. Davis (Associate-Member), G. 
Greenlees (Associate-Member), J. Robinson (Associate- 
Member), A. E. Wright (Associate-Membe:). 


MIDLAND COUNTIES. BRANCH 
Hows: Seoréary: -toe°R. : Deeley, > A.M-UStract.B., 
Arranmoor, Adshead Road, Dudley, Worcs. 


Booth. Bisc: 


GRADUATES’ AND STUDENTS’ SECTION 
Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 
NORTHERN COUNTIES BRANCH 


Hon. Secretary: Yan MacGregor, A.M.I.Struct.E., 
g, Ellison Place, Newcastle-upon-Tyne, I. 


NORTHERN IRELAND BRANCH 
Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
13, Finaghy Road North, Belfast, Northern Ireland. 
SCOTTISH BRANCH 


Hon. Secretary : D. G. Drummond, B.Sc., A.M.L.C.E., 
A.M.I.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 
Hon. Secretary: E. W. Howells, M.I.Struct.E., 
10-12, Market Street, Torquay, Devon. 
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WALES AND MONMOUTHSHIRE BRANCH 


Hon. Secretary: E. R. Steward, A.M.LStruct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 


Hon. Secretary: C. E. Saunders, M.IStruct.E., 
“ Dunkery,’’ Edward Road, Walton St. Mary, Clevedon, 
Somerset. 


YORKSHIRE BRANCH 


The Branch Committee has been constituted as 
follows for the Session 1951-52 :— 

Chairman : A. Robb, B.Sc., A.M.I.C.E. (Member). 

Senior Vice-Chairman : D. R. S. Wilson (Member). 

Junior Vice-Chairman: J. Dossor, M.I.C.E., 
M.I.Mun.E., A.M.I.Mech.E. (Member). 

Immediate-Past-Chairman : H. C. Husband, B.Eng., 
M.I.C.E., M.I.Mech.E., (Member). 

Hon. Secretary: E. Wrigley (Associate-Member), 
City Engineer’s Department, Civic Hall, Leeds, 1. 

Committee: T. Barlow (Associate - Member), S. 
Champion, M.Sc., Ph.D., A.M.I.C.E. (Associate-Mem- 
ber), Professor R. H. Evans, D.Sc., Ph.D., M.I.C.E., 
M.I.Mech.E. (Member), G. McLean Gibson, O.B.E., 
M.I.Mech.E., A.M.I.C.E. (Member), A. J. Hodgkinson, 
A.1.E.E., A.M.I.Mech.E. (Associate-Member), Professor 
J. Husband, M.I.C-E. (Past President), J. Jenkins, 
M.Sc., M.I-C.E. (Member), Captain J. B. Lawson, 
M.B.E., “A.R:LB-A, . (Mémber),.oS.. Mackey,.-B-5¢e,5 
A.M.1.C.E.1. (Associate-Member), F. A. Maddock, B.Sc. 
(Member), L.+ Preston (Member), W. Hunter Rose, 
M.I.C.E.I., F.G.S. (Member), F. R. Rudkin (Member), 
L. C. Walker (Associate-Member), Captain F. A. 
Whitaker (Member), C. Wilkinson (Member). 


UNION OF SOUTH AFRICA BRANCH 


A meeting of the Branch was held in Johannesburg 
on Monday, April 9th, 1951, at 8 p.m., when Mr. Charles 
Rigby (Member) gave a paper entitled “‘ European 


Book Reviews ' 


Building Construction and Drawing: Part I, 
Elementary Course, by G. A. Mitchell and A. M. 
Mitchell. (London, B. T. Batsford, 1950.) 648 plus 
viii pp., 74 in. X 5 in. Ios, 6d. 

The improvements and additions to this twentieth 
edition of “‘ Mitchell’s Building Construction,” have 
been so extensive that the entire work has been re-set 
and completely re-illustrated. Several new chapters 
have been added, including those on “‘ Sequence of 
Trades in which a Building is Constructed,” “‘ Theory 
of Structures,” and ‘‘ Plumbing, Sanitary Fittings and 
Drainage.’ This new edition will be useful as a text- 
book for students and also as a handy general reference 
book for builders, architects and engineers. 


Elementary Theory of Structures, by James 
C. Grassie. (London, Longmans. 1950.) 392 Ppp., 
84 X 54 in. 25s. 

There are many textbooks on the subject of Theory 
of Structures, but the author of this work has made a 
useful addition to the list. 

The book is divided into nineteen chapters dealing 
with geometrical properties of sections ; forces ; graphical 
and analytical treatment of simple frames with axial 
forces ; shearing force, bending moment, and thrust due 
to lateral and combined loading on beams ; composite 
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Visit.” The paper, which was illustrated by films in _ 
colour, described the various methods of building 
construction which the author had studied on his 
visit to the Continent under the auspices of the National 
Building Research Institute. q 

On Monday, May 14th, 1951, a paper on “ The 
Moment Distribution Method ”’ was given by Mr. Charles 
Rigby. The paper was specially arranged for Students 
and Graduates, and a record number of 51 Members and 
visitors were present. 

Branch Hon. Secretary ; A. E. Tait, B.Sc., A.M.1.C.E., 
A.M.I.Struct.E., P.O. Box No. 3306, Johannesburg, 
During week-days Mr. Tait can be contacted in the 
City Engineer’s Department, City Hall, Johannesburg, 
*phone 34-IIII ext. 257. 

Natal Hon. Secretary : E. G. Bennett, A.M.I.Struct.E., 
c/o Reinforcing Steel Co. Ltd., P.O. Box 478, Durban, 
Cape Section Hon. Secretary : R. Stubbs, M.I.Struct. Eq 

P.O. Box 1692, Cape Town. 
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OBITUARY 


The Council regret to announce the deaths of Percival 
Martin Cooper, C.M.G., O.B.E., Ernest James THOMAS. 
and Henry John Ernest WEBBE (Members), William | 
Dudley Bate and William Cecil DunTon (Associate- 
Members) and Frederick William CHARITY and Harol 
TOMLINSON (Associates). 7 


e 


RESIGNATION 4 


Notification was given that the Council had accept 
with regret the resignation of Lionel Cuthbert HALL 
(Retired Member). 


JANUARY EXAMINATIONS 


The Examinations of the Institution will next s 
held at centres in the United Kingdom and overse: 
on January 8th and ogth, 1952 (Graduateship), 
and on January tIoth and 11th, 1952 (Associate 
Membership). 


Bee ors 


beam and frame structures ; travelling loads on reali 
influence lines for simply supported beams, thre 
hinged arches, and framed structures ; strain energy 
due to direct forces, shear and bending ; deflection of 
beams and frames; Williot displacement diagrai 
stability of struts under axial and lateral loading ; spac 
frames and tension coefficients. 

In all these matters the book deals with theoretical 
principles and with mathematical or graphical solutions 
and is not concerned with practical design, consequently 
such matters as masonry structures and _ reinforcec 
concrete are omitted, whilst 90 pages are devoted t 
influence lines and 20 to space frames. a 

A comparison between these contents and the sylla 
buses of the Institution examinations will show that 
some of the needs of prospective candidates are met. 

Owing to the large number of typical worked solu 
together with problems to be worked by the reader 
which answers are given, the book will be Spee 
useful in private study. ‘ 

As is inevitable in every elementary treatise on theory 
of structures there is an overlap with strength of mate 
ials in the matter of beam and column theory, but these 
suhjects are very well and concisely handied. q 

The book is illustrated with 275 neat and clear dia) 
grams. AAS 


; tember, 1957 


‘ 
: 
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The Influence of Restraints 
on the Stability of Beams” 


By A. R. Flint, B.Sc., Ph.D. 


Introduction 


The development of satisfactory design rules for 
beams of slender proportions, which are prone to 
lateral instability, has taken place gradually since the 
introduction of the first rolled sections, over a century 
ago. Until the presentation of rational data in the 
recently revised B.S. Code of Practice for the ‘‘ Struct- 
ural Use of Steel in Buildings ’”’, design formule have 
been of an empirical nature. These were based on the 
conception that lateral buckling was entirely due to 
collapse of the compression flange of a beam, as a strut 
ander variable end load. “In consequence the formule 
zave estimates of load carrying capacity which were often 
considerably in error, as a result of neglecting’ the 
torsional stiffness of the member.' The new design rules 
are based on the mathematical theory of stability? 
and will give reasonable estimates of the limiting stresses 
in beams whose slenderness ratios exceed a certain 
minimum value, in the same way that the Euler formula 
proves satisfactory in calculating the critical stresses in 
slender struts. 

The majority of beams, however, are subject to 
considerable restraints under working conditions, either 
inherent in the construction of a framework or de- 
iberately supplied as a precaution against buckling, 
These restraints have the effect of increasing the stab- 
lity of the members, and in many cases it will be found 
that beams will fail due to yielding under plane bending 
stresses before collapsing laterally. Thus provided that 
the degree of restraint required to achieve stability may 
be determined, it will frequently be possible to design a 
slender beam on the basis of its material yield stress 
alone. 

It is evident that increases in efficiency of the design 
of beams and gantries can be effected if designers 
illow for the influence of restraints, and realise how 
bracing members of low weight can afford considerable 
sconomies in material by raising the allowable stresses. 
With the introduction as structural materials of high 


strength steels, and also of aluminium alloys having | 


low elastic moduli, there is need for a better under- 
standing of the methods of preventing instability. 
[his paper is intended to indicate the importance 
of restraints, and to illustrate the most effective methods 
of attachment of connecting members to deep beams. 


The Stability of Unrestrained Beams 


The maximum permissible compressive stress in 
structural beams under bending loads specified in the 
B.S. Code of Practice No. 113 is the lesser of either :— 

foe = I0tons/in.? ; or 

920r,k, 

foo = tons/in.?, 


Where L = the length between effective lateral re- 


straints, 
the least radius of gyration of the beam 


section, 


‘sl 


_*Paper vead before the Western Counties Branch of the 
Institution of Structural Engineers at Bristol, on April 1st, 1949. 
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vy, = the greatest radius of gyration of the 
' beam section, 
k,= a factor depending upon the ratio 7,/7, 
(approximately unity, except for small 
values of the ratio). 

The second of these two values of fne is based upon 
the critical loading of a member, under uniform bending 
moment, with ends freely supported in bending, but 
rigidly prevented from twisting about its longitudinal 
axis at the supports’. In the case of a beam with no 
imperfections in shape and no eccentricities of loading, 
this represents one half of the maximum fibre stress 
occurring on the span immediately prior to buckling. 

When the critical stress is exceeded, the unrestrained 
member becomes unstable, and if displaced by some 
slight disturbing force will buckle sideways and roll over, 
the large lateral displacement causing yielding in the 
flanges and consequent collapse. 

Theoretical solutions to the problems of lateral 
instability of freely supported beams are available for 
a number of simple cases*,4 and it is found that, in 
general, the critical stress for a slender beam of uniform 
cross-section may be represented by the formula :— 


foe = e (me oA we bes “a SA ee 


vhes x 


in which EF, G_ are the moduli of elasticity and rigidity 
of the material, 

I,,I, are the minimum and maximum mo- 

ments of inertia of the beam section 


respectively, 
} is the torsion constant, 
c is a numerical constant depending on 
the type of loading, 
Ly is the modulus of section in the plane 
of loading, 
I,—I, 
en 
I 


2 
The values of the critical stress factor, c, for beams 
under two symmetrical point loads applied on the 
shear centre axis are shown in Fig. 1 for the whole 
range of load positions. It is seen that for loads near 


3s 


CRITICAL 
STRESS 
FACTOR.C. 
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the ends of the span the critical stress tends towards 
that for a beam under uniform bending moment, in 
which c = 1, whereas the factor increases to a maximum 
of 1.35 for load at mid-span. 

Further modifications to equation (I) are necessary 
if point loads are applied above or below the shear 
centre of the section, and when other load distributions 
are to be considered‘. Similarly, the design of members 
subject to eccentricity of loading in the lateral direction, 
and those having initial imperfections, entails the 
application of theoretical analysis which gives limiting 
stresses lower than those estimated from equation (I)°. 


The Influence of End Restraints 


Existing design rules for slender beams are based 
on theoretical results obtained for members with 
ideal conditions of support at their ends. The majority 
of end connections will, however, afford restraint to 
bending actions, as a result of which the buckling loads 
and allowable stresses will be modified. By basing 
the design of beams on the simple theories of bending, 
with an allowable stress governed by the yield stress 
of the material, it is possible to effect considerable 
economies in material if end fixity is considered. This 
advantage may be lost if the beams are slender and the 
design has to be based on the buckling loads under 
free ended conditions. It is consequently of value 


an ws 
ath ns 


BENOING MOMENT 
O1AGRAM 


Fig. 2 


to know the influence of end fixity on the stability of 
such members, and to have an indication of the safe 
working stresses. 

As an example, let us consider the case of a beam of 
uniform cross section under the action of two equal 
loads, P, applied symmetrically at a distance aL from 
each support (Fig. 2). The loads are assumed to act 
on the shear centre axis, and for the purpose of theoretical 
analysis, the restraints afforded by the supports are 
considered to be elastic, having stiffnesses dependent on 
the rigidity of adjoining members. The ends of the beam 
are subject to equal restraining couples, M, in the 
plane of the web, which are proportional to the relative 
rigidities of the beam and its supports, and to the 
magnitude and position of the applied loads. 


Defining the end restraint stiffness in terms of the 
moment necessary to cause unit rotation of the 
supports :— 

K, = Mio, 
dv 
(where ®, is the slope, —, 
dz 
the corresponding end couples may be shown to be :— 


of the beam at the supports), 
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When the loads reach their critical value, the beam 
will buckle sideways and twist if subject to any slight 
disturbing force. Provided that it is assumed that 
the end couples remain constant for small lateral 
deflections of the beam, the magnitude of the buckling 
load may be determined from theoretical analysis. 
The critical values of the loads, P, have been determined 
from the results of a strain energy solution* and may 
be expressed by the formula :— 


x 4/ El, GJ 
Pernt = : see (3) 
Lt 4] (GFa- AP hae he) 
I a a? (1—4a), 
in which Ff, = sin 27a — —— cos 2xa + — — 
4r8 27 2 3 
a I 
F,.==- (1—a) 4 (I —cos 27a). 
2 4r? 


Tn the simple case of a beam under point load at 
mid-span, with se completely fixed in the plane of 
the web, Pk = 4), the critical load becomes :— 


Pas => yay GJ = 2.53 [eo], 
R,=0 


The cena maximum bending stress, occurring 
at the load point, is :— 


Poi L 5-45 
ferit = — ia EI,GJ 
82. Lak 


— 1-20 | | 
IO) 


It is, therefore, evident that a slender beam under the 
above loading conditions will carry a considerably 
greater load before buckling when the end connections 
afford a reasonable degree of fixity than if it were freely 
supported, and that the corresponding critical stress 
is also increased. 

In the more general case shown in Fig. 2, the equation 
defining the critical stress may be derived from 
equation 3 in the form :— 


Cr 
apes Y E16] 
ZL 


2 
in which the critical stress factor, c, depends on the 
values of a and R,. 

The variation of the critical stress with the stiffness 
of the end restraints is shown in Fig. 3 for three loading 
positions, a, as a relationship between the constant, ¢, 

Lk, 

and the non-dimensional restraint stiffness factor, ——. 
Eis 

The results apply to any slender beam, provided that 
the critical stress does not exceed the elastic limit 
of the material. The corresponding increase in load- 
carrying capacity due to end restraint is illustrated in 
Fig. 4. The end restraint stiffness is related to the 
ratio, , between the buckling load of a restrained bear 
and that of a similar freely-supported member, and it is 
evident that considerably greater loads may be supportec 
prior to collapse when the ends are partially fixed 
For example, a beam under point load at mid-spar 
has a buckling load of 2.5 times the “ free ’’ endec 


*See Appendix 2. 
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critical load, if its ends are completely encastre in 
direction, and with point loads at the quarter points 
‘the buckling load may be increased to nearly 4 times 
‘the fundamental critical load. 

The critical stress is always a minimum for freely 
‘supported conditions, and if this minimum value exceeds 
the yield stress it is unnecessary to consider instability 
in more detailed design. Hence, in deciding on a suitable 
section for a fixed-ended beam, it is necessary either 
to choose a member whose critical stress under free 
end conditions and similar loading is equal to or greater 

(foe aa 
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than the yield stress, or to reduce the design stress for 
the fixed-ended beam to correspond to the buckling 
stress obtained for the free-ended case. This method will 
provide a safe design criterion for beams with any 
degree of end restraint. 


End Restraint in Azimuth 


End fixity in the plane of the web is generally accom- 
panied by an additional restraint at the supports in 
the lateral plane. When a beam deflects laterally, 
restoring couples are induced at the ends which are 
proportional to the torsional stiffnesses of adjacent 
stanchions, and to the bending stiffnesses of any 
connecting beams. Consequently, the applied bending 
moment necessary to cause buckling is further increased. 


ENO RESTRAINT STIFFNESS. R,L 


Fig. 4 
As an example of the effect of this restraint, let us 


consider the simple case of a slender beam under uniform 
bending moment, and subject to elastic end restraint in 
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azimuth only, as shown in Fig. 5. The end restraint 
stiffness will again be defined as :— 
Ry = m{O;, 

where m is the couple, and ®, the slope, at the supports 
in the plane xz. The beam is subject to no end couples 
in this plane until buckling takes place. 

The theoretical analysis of this problem yields a 
relationship between the values of the critical stress 
factor, c, and the restraint stiffness given by* :— 


Ikede — xc sin xc 
= ie a is ode (4) 
ET el = COs are 
iy 
| 
r is wre 
M al IF M 
( = i= 


Fig. 5 


from which the lower curve in Fig. 6 has been drawn. 
It is again apparent that appreciable increases in the 
buckling stress may be expected under working con- 
ditions in a majority of beams. In the extreme case 
of a member with ends completely fixed in the lateral 
plane, the buckling stress is found to be twice that for 
a free ended beam (c = 2). In practice, however, the 
restraint stiffness factor would seldom exceed 2, and it 
would consequently be inadvisable to assume complete 
end fixity in estimating design stresses. 

The upper curve in Fig. 6 shows the influence of this 
type of end restraint on the critical stresses for beams 
under point load at mid-span. It is seen that the load- 
carrying capacity of a member is again considerably 
increased by quite a small degree of end fixity, and 
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when the ends are completely fixed in azimuth it is 
found that the critical stress factor becomes c = 2.06, 
giving an increase of 53 per cent. in buckling load above 
the free-ended value. 


*See Appendix 3. 
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The experimental results shown in Fig. 6 were 
obtained from tests on a 2 in. * # in. aluminium alloy 
I-beam, carried out in the Engineering Laboratories of 
the University of Bristol. The beam was supported 
in end fittings designed to provide “ ideal ’’ conditions 
of support by allowing free bending actions and rigidly 
preventing rotation at the ends. Load was applied 
to the shear centre at mid-span by means of iron weights 
hung on a load pillar. This pillar was suspended from 
a pulley, running on a loop of wire cable which passed 
over a large disc clamped to the test beam. By means 
of this system, the line of action of the loading remained 
vertical during buckling, and passed through the 
centre of the disc. The effective point of application 


Fig. 7.2 in. x ? in. I-beam buckling 
in fundamental mode 


of a point load therefore coincided with the centre of 
the disc, and it was possible to load the beam at any 
point on its cross section. Fig. 7 shows the test beam 
buckling with free end conditions. 

Having determined the fundamental buckling load, 
the beam was restrained at its ends in azimuth by 
clamping light cantilevers to the web at the supports, 
with their free ends stayed to the test frame. The stiffness 
of the restraint was varied by adjustment of the length 
of the cantilevers, and the collapse loads were recorded 
for a number of restraint stiffmesses. It is seen from 
Fig. 6 that good agreement was obtained with theoretical 
results, the error nowhere exceeding 2 per cent. 

For the purpose of design, the curves in Fig. 6 may 
be applied directly to indicate the increase in safe 
working stress, or an effective span may be stipulated 
for members with partially-fixed ends, where the effective 


span, Le = — 
c 


The Torsional Stiffness of Supports 


The assumption has been made in all previous analysis 
that no rotation of the supports of a beam occurs 
during buckling. If these supports have only a limited 
elastic stiffness under torsion, however, the actual 
buckling load of the member will be lower than that 
estimated from idealised results. This rigidity will 
depend on the bending stiffnesses of adjoining stanchions, 
and, if these are under loads approaching the Euler 
value, the effective stiffness may be low. 

It can be shown that for beams under single point 
loads, or under two symmetrical point loads, the critical 
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load may be approximately related to the support 
stiffness under torsion by the formula* :— 


4 
n= 1—-—Ry td ao "35 a (5) 


3 
in which » is the ratio between buckling loads for beams 
with finite and with infinite. torsional support stiffnesses 


respectively. 
IG] 
Ry = ——, where 0 is the rotation of a support under 
CL 


a torque, 7, and G, J and L refer to the beam. 

The torsional stitfness of a member is usually con- 
siderably less than that of its supports, and the value 
of Rr will seldom exceed 0.02. It is consequently 
unlikely that a reduction in load-carrying capacity of 
more than 3 per cent. would occur in practice due to this 
behaviour. This reduction will usually be balanced by 
the increased stability afforded by the restraint of 
warping which occurs in most structural connections. 
It should be remarked, however, that the failure of 
many previous tests on beams to obtain results com- 
parable with theory has been partially due to the fact 
that members have been. supported on their lower 
flanges, with the upper flange free, which limited the 
effective torsional stiffness at the ends. 


Model Portal Frames 


As an illustration of the influence of end restraints, 
two model ‘‘ H.”’ portal frames were constructed, using 
a small brass I-section, and were loaded at mid-span, 
as shown in Fig. 8. The stanchions were of the same 
section as the beams, had the same length, and in 
one frame were connected to the beam with their webs 
in the plane of the frame, and in the other with their 


Fig. 8.— Buckled frame members 


webs perpendicular to the beam. In this way two 
extremes of end restraint were obtained. 

The critical loads were compared with that of a 
similar freely-supported beam of the same span, shown 
to the left of Fig. 8, and it was evident that the beams 
in the frames carried greatly increased loads prior to 
collapse. The experimental critical load ratios for 
the beam members were found to be 1:1.7:2.8, 
whereas the estimated ratios, allowing for bending 
restraints alone, were estimated to be 1:1.5:2.4. 
It was found that complete collapse of the portal 


*See Appendix 4. 
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members did not occur, even if loaded considerably 
yeyond the critical load, due to the influence of axial 
estraint®, although the beams became bowed and 
wisted. Thus, in the stiffer frame it was difficult to 
letermine the true critical load, and it is probable 
hat the buckling load was less than that applied in 
fig. 8. 


Intermediate Restraints on the Span 


Interconnection between loaded beams by means 
f bracing members is commonly employed in order 
o prevent failure due to lateral instability. The method 
f attachment of such stiffeners, and the rigidity of 
he member to which a beam is stayed, influence the 
uckling load of the system, and an indication of 
he most effective methods of connection may be 
btained from consideration of certain simple cases. 

Let us first take the case of a slender beam which 
s elastically restrained at mid-span against lateral 
owing (Fig. 9), and is freely supported at its ends. 
Nhen the beam buckles, a restoring force W is afforded 
yy the restraint which iss proportional to the lateral 
lisplacement at the point of connection. 

ie.W = Kz (8+ d.&), 
vhere 8 is the lateral deflection of the shear centre and 

Bc the rotation at mid-span respectively, 
d is the distance of the point of connection 
above the shear centre, 
' Kg is the restraint stiffness (tons/in.). 
The solution to the buckling loads may be obtained 
yy means of a strain energy method, in terms of the 
estraint stifiness and the constants of the beam. 
f a simple cosine twisted form is assumed for the 


Fig. 9 


suckled beam, the critical stress for a member stayed 
it the shear centre (d = 0) is eee by* :— 


Bl eA |X)... ie oe (6) 
where c is the critical stress factor, 
: KpL? ’ 
Sand 4 = (the ratio between the restraint 


4 48EI, stiffness and the lateral bending 
7 stiffness of the beam). ' 
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* = I for beams under uniform bending 
moment, 

* = 1.35 for beams under point load at 
mid-span. 


This approximate solution may be appreciably in 
error when the applied loads approach the second 
critical values, and it is necessary to assume a twisted 
form containing at least two trigonometric terms in 
order to obtain a reasonable degree of accuracy. The 
results of this analysis may not be reduced to a simple 
formula, and are best presented graphically. 


No 


MODE OF INSTABILITY Sec 


CRITICAL 
STRESS 
FACTOR. 


| EXPERIMENTAL RESULTS, 
2'x % I-BEAM. LOAD AT TOP FLANGE 


O:> Restraint at sheor centre 
D-- Restraint at top flange 


O-: Restraint at lower Flange 


LATERAL RESTRAINT STIFFNESS. A. 


Fig. 10 


As an example, the influence of this type of elastic 
restraint on a slender 2 in. x # in. I-beam has been 
studied both theoretically and experimentally. The 
variation of critical stress with the restraint stiffness 
is shown in Fig. 10 for load applied at the top flange 
at mid-span, with three positions of restraint on the 
loaded section. As would be expected, the optimum 
effect of staying the beam occurs when it is restrained 
at the top flange, due to the additional torsional restraint 
afforded. The early conception of lateral buckling 
assumed that the compression flange failed as a strut 
and that consequently, any restraint must be supplied 
to that flange in order to be effective. From these 
above results, however, it is obvious that by staying 
the web or tension flange the load carrying capacity 
may be greatly increased. In order to force the member 
to buckle in the second mode of instability, it is 
generally necessary to attach the stay above the shear 
centre of the section, and a restraint stiffness of the 
order of from 10 to 15 times the lateral bending stiffness 
of the beam is required. By staying the beam at a 
number of points along its span, the critical load may 
be increased to any desired value, the most effective 
points of application being at the points of maximum 
lateral displacement. 

A comparison between the simplified results of 
equation (6) and the accurate solution shows that the 
former is in error on the unsafe side, for high values 
of critical load, but that a reasonable estimate of the 
effect of restraint may be derived from the formula 
for stiffnesses up to 4 = 1.5. 

The 2 in. x #in. I-beam was tested under point load 
at mid-span with lateral elastic restraint at the loaded 
section, in order to verify the above conclusions. 
Fig. 11 illustrates the beam buckling under load, with 
restraint at the shear centre (A = 3). The beam was 
stayed to a simple cantilever clamped to the test frame, 
and was supported with free ends. The critical loads 
were determined for three positions of restraint, and 
the results of these tests are shown in Fig. 10. The 
agreement between the theoretical curves and _ex- 
perimental points was satisfactory. 
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On reaching an applied load equal to the second 
critical load, the beam buckled in the mode shown 
in Fig. 12, beyond which any increase in the restraint 
stiffness was ineffective in raising the buckling load. 


The Effect of Torsional Restraint 


When two or more adjacent beams are loaded simul- 
taneously, it is possible that they may buckle together 
in such a way that the lateral bending restraint, afforded 


Fig. 11.—2 in. x ? in. I-beam buckling 
with lateral restraint at mid-span 


by their interconnection, is zero. The presence of a 
connecting member will often afford torsional restraint, 
however, which may serve equally well as a means of 
stabilising the system. 

Let us consider the simple case of two adjacent beams, 
both loaded under equal uniform bending moment, 
and connected by a filler joist rigidly attached to 
their webs at mid-span (Fig. 13). When the beams 
start to buckle, the secondary member affords restoring 
couples proportional to the rotation of the main beams, 
and the critical bending stress is consequently increased. 
By increasing the flexural stiffness of the connecting 
joist, it is possible to raise the buckling stress for the 
beams to the order of that for failure in the second 
mode of instability. 

We may derive the expression for critical stress 
from the theory of stability, and for this type of loading 
the critical stress factor, c, may be related to the 
stiffness of the torsional restraint by the formula* :— 

mC 


Kr = —2xc cot —... hide de ae (7) 
i) 


where the restraint stiffness is such that the restoring 
GJ] 

torque afforded at mid-span is given by T = —— Ky Be, in 
5 

which Ay is a non-dimensional factor, representing the 


*See Appendix 6. 
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ratio between the torsional stiffnesses of the restrain 
and of the beams, and %¢ is the angle of rotation a 
mid-span. 

In the case where a connecting member is rigid 
attached to the two beams, as shown in Fig. 13, 1 
will have a point of inflexion in its bent form, and th 
above stiffness factor will be given by :— 

6 EIeL 
Ke = 


GJ] Le 
where J, and L- refer to the secondary member. 

The relationship between the same parameters ma 
be derived for members under point load at mid-span 
in terms of infinite series, which may be most con 
veniently represented graphically. 

The variation of critical stress with restraint stiffnes 
is shown in Fig. 14 for members under uniform bendin; 
and under point loads on the shear centre at mid-span 
these curves being applicable to any slender beam. 

It is again evident that a considerable increase i 
the working stress may be obtained by the provisioi 
of adequate connections of this type. Provided tha 
the junctions between the filler joists and main beam 
are very rigid, members may be made to suppor 
loads approaching the critical loads for buckling it 
the second mode. Fig. 15 shows two similar model beams 
with simple supports and a single bracing membe 
attached at mid-span, buckling under point load 
equal to 2.6 times the critical load for an unrestraine 
member. The buckled mode is a combination of | 
single half wave and a first harmonic, with a node poin 
at mid-span, showing the members to be supportin; 
loads almost as great as the second critical load. 

In practice, the value of Ky will generally exceed 1,00¢ 
which should ensure the maximum increase in critica 
stress. By attaching a number of filler joists alon, 
the span, it may usually be assured that lateral in 
stability is suppressed. 

This form of restraint will frequently be found th 
most efficient in cases where there is no convenien 
means of providing lateral restraint, as in the case a 


Fig. 12.2 in. x ? in. I-beam buckling in second mode 
with stiff lateral restraint at mid-span 


parallel crane gantries, in which connections of th 
type shown in Fig. 16 would have to be employe 
in order to provide clearance for operation of the hois 


Conclusions 


Owing to the paucity of data on the buckling + 
beam members with elastic restraints, designers hav 
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reviously been forced to use the simplified results 
x slender beams, which are seen to be considerably 
| error in many practical cases. - Although the con- 
itions discussed above refer only to special cases, 
10ugh information may be derived from them to 
mphasise the necessity for raising the permissible 
ange stresses for restrained beams above the values 
erived for unrestrained members. 

It is noticed that, with the exception of the effect 
f elastic torsional movement of the end supports, 


o 


Fig. 13 


| the practical conditions, neglected in simplified 
veories, tend to increase the stability of members. 
he factors influencing the behaviour of beams may 
é summarised as follows :— | 

(1) nd Fixity. The increases in buckling loads 
ue to end fixity are considerable, and allowance should 
e made for the influence of supporting connections 
1 the design of slender beams. Provided that the 
‘itical stress for a similar unrestrained member exceeds 
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; 

ne yield stress of the material, it is unnecessary 
irther to consider stability in the design of a beam with 
nd fixity. In cases where the permissible stress is 
werned by lateral stability, it will be necessary to 
a working stress equal to the critical stress for 
e ended conditions in the usual analysis for encastre 
embers. The further increase in the buckling stress 
forded by restraint in azimuth may be included in 
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design by employing a reduced effective span in 
estimating the limiting stress. 


(2) Torsional Stiffness of Supports. The stability of 
a beam is influenced by the stiffness of its supports 
under axial torque, and it is advisable to provide 
end’ connections giving a high combined torsional 
stiffness. Where these ‘precautions are omitted, the 
load-carrying capacity of a beam may be reduced below 
that estimated from simplified theory. This effect will 
usually be balanced by an increase in stability caused 
by the restraint of warping at the supports. 


(3) Bending Restraints on the Span. By provision of 
intermediate lateral stays attached to the beam, it is 
possible to increase the buckling stress to any required 
value. Connections should be made to the compression 
flange, at the points of maximum displacement in 
the buckled mode, for optimum efficiency. 


Fig. 15.—Beams with torsional restraint 


(4) Torsional Restraints on the Span. The use of 
filler joists between parallel beams may ensure stability 
of the main members provided that the connections 
are sufficiently rigid. This system of restraint will prove 
ideal in cases in which there are no suitable members 
to which the joists may be stayed, and will consequently 
be of value in the case of crane gantries. 

The special problem of main beams loaded through 
secondary members has been discussed elsewhere®, 
and it has been shown that such beams cannot buckle 
unless their initial shapes are considerably bowed. 

Thus we see that in a majority of practical cases 
the existing design rules will give very conservative 
estimates of permissible stress. By judicious use of 
restraining members, it will frequently prove possible 
to increase the working stresses, and the influence 
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of end connections should be considered in efficient 
design. 


APPENDIX 1 
General Equations of Equilibrium 


Let us consider a uniform slender beam, loaded by 
shearing forces and couples in the planes of maximum 
and minimum flexural stiffness. The ends are free to 
rotate with respect to the principal axes of inertia 
parallel to the x- and y- axes, whilst rotation with 
respect to the z- axis is rigidly restrained (Fig. 2). 
Let M, and M, be the bending moments at any point 
on the span in the planes xz- and yz- respectively, and 
let 6, and 6, be the slopes of the axis of the beam in 
these planes in the buckled state. The deformation 
of the axis is defined by the two displacements w and v 
in the x- and y- directions, and by the angle of rotation 
of the cross section $8. The relation existing between 
the positive directions of the co-ordinate axes and the 
positive directions of rotations will be assumed to be 
the same as between translation and rotation of a 
right hand screw. 

Considering the beam to have been displaced into 
a bowed and twisted form due to lateral buckling under 


Fig. 16 


the applied loads, we may determine the least moments 
necessary to maintain equilibrium. From the simple 
theories of bending and torsion :— 


do, 
IEE SS ek, 
ds 
d%>5 
Vel yo a abe in (8) 
ds 
dp 
GJ] — =T, 
ds 


where s is measured along the beam axis. 

The third of these equations neglects the influence 
of warping on the torsional stiffness, the effect of which 
is slight in slender members. 

Using the geometrical relations? :— 

du ao, a0, 


= aia p 
dz? ds ds 
d?v dO do 
= —-+ 6 (9) 
dz? ds ds 
dp ads 
ds -. dz 
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the following differential equations of equilibrium, 
defining the deflections u and v and the angle of twist, 8, 
are obtained by eliminating 6,, 6, and s from equations 
(3) and (9) — 
du 1 
Ein = M, =f gas Sich 
az IE; : 


| 
Ef, = —M, + ie So ee 


dp 
GJ] > T, 
dz ; 
In the general case of a beam subject to uniformly 
varying bending moments, the moments at any section 
may be seen to be :— 


M, = Ssz8 + Wz + m.8 —m, 
M, — Sane —M» 
| 
du = 
10g eh ES (256m ) (x1) 
dz 
du : 
— m, — — T 
dz 


where S, is a uniform shear in the direction of the 
y- axis, m, and m, are applied moments in the xz-and 
yz- planes respectively, W is a lateral shear in the 
direction of the x- axis, and T is an applied torque 
about the z- axis. The origin is taken at such a. position 
that M, = o when z = 0, and all quantities of the second 
order of magnitude are neglected. 

By substitution of these expressions for the moments 
in equations (10), the general equations of equilibrium 
for the determination of the magnitude of the least 
loads necessary to maintain the beam in its buckled 
form become :— 


d*u 
EI, — = x (S22+ m.)8 + Wz —m, 
dz? 
d*v 
Bs a Ss 4 SF Mey | 
at (12) 
ag du 
GJ —=-—S, ‘Gace ) 
dz dz 
du 
—m, — —T 
dz 
d —I, 
where y= — : 
I; 


These equations may be used to solve the majorit 
of problems of lateral instability. 


APPENDIX 2 


Beams under Symmetrical Point Loads 
and End Couples 
(STRAIN ENERGY SOLUTION) | 
The critical loading of a slender beam under th 
conditions shown in Fig. 2 may be conveniently dé 
termined by application of a simple strain energ 
method’, employing the principle of minimum toté 
potential energy. When the member buckles sideway 
and twists under the action of applied loads, the interns 
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rain energy stored is increased since, in addition 
fo bending in the plane of the web, we have bending 
n the lateral plane and torsion. . The external loads 
work in changing their potential energy, due to 
movement in their own lines of action. The critical 
oads are determined from the condition that the 
eam shall be in a state of neutral equilibrium, and 
he work done by the applied loads must equal the 
shange in internal strain energy during buckling. 
The lateral bending moment equations for the member 
hhown in Fig. 2 may be derived from equations (12) 
Ss i— 


dtu 2 
_£EI,— = (Pz—M)s forg<CAGa ll 
dz? 
(13) 
du 
EIl,— = (PaL—M)s foraL <2z< L/2 
dz* 


where z is measured from a support, and 8 and w are 
he angle of twist and lateral deflection, respectively, 
it any section. y is assumed to be unity. 
The change in potential*energy of the external loads 
luring buckling is given by :— 
V=2M 0,—2PA 
dv 
where ®, is the change in slope of the member, —, at the 
dz 
uupports, and A is the change in vertical deflection 
it the load points due to slight displacement from the 
table position. 


Le 

t au 
BHence V = 2 (M — P aL) —.B dz 

i : dz 
} e) 

aL 

Z d*u 
; 2 2P — 8 (a,—z) dz. 
dz? 
f 0 


The increase in internal energy due to lateral bending 
ind torsion is :— 


a j; vat 
; du ? dB\? 
von ( )ecrer (—) dz. 
dz? dz. 
) 

By assuming a twisted form for the beam and by 
ubstitution from equation (13), the equation governing 
he critical conditions may be derived from the neutral 
quilibrium condition :— 

U+iV=o0. 

_ As in other energy solutions to instability problems, 

t is found satisfactory to assume a simple trigonometric 
nz 

lisplaced form, and by putting @ = fc sin - we may 

; 


lerive the critical relationship between P and M. 
- L? M: Ere 

) Thus P?— F, — PML F, + — = 7? 
2 2 4 4L? 
h, I a 

n which F, = — sin 27a — —— Cos 27a 


; 47r3 2n 
} a? 4a 
t COS 27a + — (: a “/) 
2 3 
i 


a 
Fo = (1 — a) + 
2 4x? 


(14) 


(I — cos 2xa). 
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When the end couples, M, are due to elastic restraints 
at the supports in the plane of the web, we may assume 
that their magnitudes are not altered by the slight 
lateral displacement considered in deriving the above 
solution. Consequently, the end couples are those 
obtained from analysis of the beam in its stable position. 

From the usual theories of bending of beams with 
restrained ends, the relationship between the applied 
loads and the end moments is found to be :— 

PLa (1 — a) 
Me == hag lb Bi: Pe (2) 
ea ET 
Ce) 
where R, is the restraint stiffness previously defined. 

Hence, by substitution in equation (14) the critical 
load may be evaluated in terms of Kr, a, and the 
beam constants :— 


BURG) eee Rete Pack ee, ate eg) 


L?2 
V (2, Sug R eos: kw) 


When the critical load is exceeded, the lateral de- 
flection becomes large and additional vertical deflection 
of the beam occurs. The end moments are consequently 
increased, giving additional stability to the member 
and increasing the load necessary to maintain the 
buckled form. Thus it is possible for built-in members 
to support a load in excess of the initial buckling load 
without causing complete collapse. 


Port = 


APPENDIX 3 


Beams with ends restrained in azimuth 


Let us consider a slender member, under uniform 
bending moment, subject to end restraints in the lateral 
plane. Let the restraints have equal stiffnesses, R,, 
as previously defined, and let there be no couples in 
the lateral plane prior to buckling. 

Assuming that the applied moment has attained 
its critical value, and that the beam is slightly displaced 
from its stable position, the equations of equilibrium 
may be derived from equations (12). 


au 
EI,— = yMe—~m, 
de 
(x5) 
dp du 
GJ — =—M— 
dz dz 


where z is measured from one support. 
By differentiation of the second of equations (15) 
with respect to z, and substituting in the first, the 


differential equation defining the twisted form 
becomes :— 

d*p 

—+h*s—p=0 eS Ps ee rae LEG) 

dz? 

+M m,M 
where k? = ; p= —. 
EI, GJ EI, GJ 
The solution to this equation yields :— 
8 =A sin kz + Boos kz + p/k?* pee fi MERE 


The arbitrary constants of integration are determined 
by consideration of the end conditions, 8=o when z=0 ; 
8—o when z=L, 

p (1 — cos kL) 
giving A = — — ——————_,, B = — pjk’. 


ee eee 


244 


Also ®, = m,/R, by definition. 


Hence, from equation ( = . 
-(G Te nae : ies 
GJp (1 — cos RL) 


Mk sinkL 
Re sin RL 
Therefore = Rk 
EI; (x — cos kL) 
TC 
But & = — where c is the critical stress factor. 


L 
Hence the value of the critical stress factor in 
equation (I) may be determined from the relation :— 
RL xc SIN xC 


= = toa i at (4) 
El, (I — cos zc) 


APPENDIX 4 


Beams with Elastic Torsional Supports 


The critical loads of members whose end connections 
provide only a limited torsional stiffness may be 
estimated by modification of the simple analysis for 
slender beams. ‘As an example, let us consider a beam 
loaded to instability by a point load P applied through 
the shear centre at mid-span. The ends will be supposed 
to be supported so that free bending actions may 
occur about the principal axes of inertia, and that 
rotation about the z axis is elastically restrained. 
This restraint will be assumed to be the same at each 
end and to be represented by the relation :— 


be = Te Rt <or 
GJ 
where $e, Je, are the rotation and torque at the ends, 
respectively, and A: is the end torsional restraint 
stiffness. 

In this symmetrical case, a constant additional 
rotation will be given to the member when it buckles, 
due to bodily movement caused by elastic twisting of 
the supports. The modified equations of equilibrium 
may be ae as — 


aes 
Er, -—(- 2) (++*) 
fake ie: » (18) 
dz 


+ — (8—un) 


2 


a 


where ¢ is the rotation due to twisting of the member 
alone, 8 is the lateral deflection at mid-span and 2z is 
measured from the load point. 

The differential equation derived from equations (18) 
is thus :— 

d?® 

ere vA * °°. > rae wa aA th ATO) 

dw? ba 


iz, + P? 
where ® = 8+ 8, w = (=-+). ee 
4EI,G] 


The solution to this equation may be obtained by 
integration by the method of infinite series to give :— 
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( Kt Kw 
o=A aes + ——— 
of Rye Wop Xe 
Kew? 
5) sage’ cane eB | 
2.4. 7 Ol kede 


; K*w* ' K4w 
+ Bw {: oe 


4.5.8.9.12.13 
The relevant end conditions may be substituted in 
this general solution to enable the arbitrary constants 


to be determined. It is seen that © = Be at w = OF 
d® 

and — = o when w = L/z. Also the torque resisted by 
dw 


the end supports is seen from equation (18) to be 
P38 
—, and thus by definition :— 
2 
Ry PsL. 


Be = 
2G] : 

By using these conditions and evaluating 8 by integra- 
tion of the second of equations (18), the relationship 
between the end torsional stiffness and the buckling 
load may be expressed'in the non-dimensional form:— 


Ge Ge q° 
3(1 Se ) 
445.8 40528 9012 iad 
Re : es (21) 
q° q* q° 
ar(2 =e o= z 
AsT# Avy TOOT AO. boa aes 
a ee 
where g? = 4.48n?, and m is the ratio between the 


buckling load for the beam with the assumed end 
conditions and that for a member with rigid 
torsional support. This solution may be represented 
graphically, and it has been found that for a practical 
range of values of Rt the critical load may be approxi- 
mately related to the support stiffness by the formula’:— 


4 i 
m=I—-R ... x re + a 


| 
This relation applies equally well to cases of loading 
by symmetrical point loads and by single point load 
at any position on the span. 


APPENDIX 5 


Intermediate Lateral Restraint . 


As an example of the effect of lateral restraint on 
the span, we will consider the case of a beam loaded 
at mid-span through the shear centre, and stay 
at mid-span to an elastic support as shown in Fig. 
The stay is attached at a distance d above the shear 
centre. 


The strain energy method affords obvious advantages 
over the analytical solution in this problem. Con- 
sidering the load, P, to have reached its critical value 
and the beam to have been slightly displaced, we 
may derive the equation of equilibrium fr 
equation (12). If the lateral deflection at mid-sp 
is 8, and the rotation of that section is ec, then 
restoring force afforded by the restraint is Ky(8+d. 
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| here Kp is the lateral restraint stiffness. 
pending oe of equilibrium 1S a 


q “2 a -(<-:): 
a = (ut) (—— ye mee3) 


where z is measured from the load point. 

The condition of neutral equilibrium is satisfied 
by equating the sum of changes in internal strain 
energy to the work done by external forces. 

_ The work done by the external forces is seen to be :— 


Hence the 


ib d*u Kg 
Z = ave (3 = al d. Be)* 
2 dz? 2 


The change in internal strain energy during buckling 


is -— 
(“ 
@ i: 


Use UO; = Fl, 


We may assume a twisted mode such as :— 
Te 3rz 

8 = A cos— + Bcos—4...... 
L 1g 
which satisfies all the end conditions. This assumed 
mode may be substituted into the above energy 
equations, from which the equation governing the 
critical load may be derived. Neglecting all but the 
first term in this expression, A = $c. Then employing 
equation (23) the neutral equilibrium equation :— 

U»+U1+V=0 
may be simplified to give :— 


_ PAL 642 6 PK=L3 
; f)* (s+40 ) 
192 EI, HT, 
ne —~ Kel? 
BE (8) Ck 
48 EI, 


“GJ nthe! 


i a an mS Pore. (2a) 
je 


f | es 
The relation between the lateral deflection and twist 


at mid-span may be obtained by considering a small 
element of the longitudinal axis of the beam of length dz. 
Due to curvature of this element, one end of which is 
considered pied, the end of the bees will deflect 


au 
—— 2 in the 
«2z- plane. 


By integrating such increments of deflection over 
the half span, the lateral deflection at mid-span is seen 
to be :— 


/2 
i du (L 
_o = ——2z } da 
; dz? \2 
; ay on substitution of the assumed mode yields :— 


oL! 8P 
ae {= (: -) ey \ 
(48 EI, + Kp L’) 
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Introducing this expression for 3 into equation (24) 
and simplifying, the critical load may be seen to be :— 


17.2 
Perit = EI, GJ Ax 
IO A 
P a 3) ( ahi 
Where: 2 , Tepresenting the ratio between the 


48 El, 
restraint stiffness and the lateral bending stiffness of 
the beam. 


Hence the critical stress factor is :— 


mo V {i 
eee ey aes 


which reduces es ¢ = 1.35 v(I + A) when the stay is 
attached at the hear centréenii.e49 =O): 

It is apparent that considerable increases in buckling 
load may be obtained by the attachment of stays at 
mid-span, and that it is more efficient to restrain the 
beam at points above the shear centre if possible. 
Where the stay is attached below the shear centre 
the final term is equations (25), and (26) is preceded 
by a negative sign. 

A more accurate solution may be obtained by in- 
cluding two terms in the assumed form, and by applying 
the principles of minimum total potential energy. 
The solution is complex, and is best presented graphically 
as shown in Fig. ro for the case of a 2 in. x in. I-beam. 

An approximate solution has been obtained to the 
problem of a member under uniform bending moment 
with restraint at mid-span, and the critical stress factor 
has been found to be 


Vc 
pry eee) || 


which CSaited to that ret, for the beam under 
point load with a numerical constant of unity. 


APPENDIX 6 


Intermediate Torsional Restraint on the Span 


The influence of torsional restraint on the stability 
of a beam may be indicated by the investigation of 
the behaviour of a member under uniform bending 
moment, MM, with an elastic torsional restraint at 
mid-span, as shown in Fig. 13. 

We will define the torsional stiffness of the restraint, 
Kr, by the relation 

GJ 
i, ae —.KrzBe, 
£ 


where T is the restoring torque, and fe the angle of 
rotation, at mid-span. The equations of equilibrium 
derived from equations (12) yield a general solution 
to the twisted form given by 8 = A sin kz + B cos kz, 

Y Me p 


where k* = — , and z is measured from the support. 
EI,GJ 
The end conditions to be satisfied are :— 
8 = oO when z = O, hence B = o. 


Also 8 = Be when z = L/2, 
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RL Rv 
therefore 8 = A sin —, or A = &e cosec —, 
2 2 
ds Ke 
and — = — when'2 == is/2 
dz 2L 
RL KitBe 
Thus 8& cot — = — . 
2 296 
RL 
giving Ky = — 2kL cot —. 
2 
MLYVyY 
But RE = ———— = xc, where c is the critical 
VEI,G] 
stress factor. 
TC 
Hence Ky = — 2x¢ cot — “i = + (7) 


2 


a 


The same method of analysis may be used to solve 
the problem of the instability of beams under point load 
at mid-span with torsional restraint at the load point. 
The general solution to the twisted form may be derived 


from equations (12), as :— 
Kz K4,8 
a a. (: 
3-4 3.4.7.8 
K&zi2 
foes ) 
Be 7 On eae 
(28) 
Kz4 i428 
+ Bz ( I 
4.5 4.5.8.9 
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4.5.8.9.12.13 
The end conditions to be satisfied are the same 
as those employed above, and by introducing these 
conditions into equation (28) and simplifying, the 
relationship between the critical load and the restraint 
stiffness may be obtained, as :— 


q° q* 
Kms d a - er) 
4 4.5.8 


(29) 
q° q* 
I 5 
4-5 4.5.8.9 
where g? = 4.48n*, and m is the ratio between critical 


loads for the restrained beam and a similar unrestrained 
beam. 

This series solution is represented graphically in 
Fig. 14, in which the critical stress factor is plotted 
against AK. 
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Book Reviews 


Elemental Theory and Design of Flexural 
Members, by J. Vawter and J. Clark. New York: 


Wiley. (London ; Chapman & Hall, 1950). 215 pp., 
gin. X 6in., 32s. 
The book, which is written for students, is funda- 


mentally a text-book on the basic theory of flexure 
and its application to simple structural design. 


Emphasis is laid on the principle that the same 
general physical laws are applicable to the three 
materials especially referred to in the book, namely: 
steel, concrete and timber—subject, of course, to 
certain peculiarities of each material. 


Readers, not conversant with American Handbooks 
and Specifications, will welcome the explanatory 
paragraphs given in the introduction to the book. 

The two important handbooks, referred to below, 
are made use of in the design calculations included in 
the book. 


(i) The manual of the American Institute of Steel 
Construction (A.1.S.C.), STEEL CONSTRUCTION, 
1949. This is very important. 

(ii) Another important handbook is ‘‘ Recommended 
Practice and Standard Specifications for Concrete 
and Reinforced Concrete.”’ 


The subject matter of the book deals with homo- 
geneous and non-homogeneous beams, elementary 
design of steel beams and girders, elementary design 
of steel columns with bending, elementary design of 
reinforced concrete beams and columns, bending in 
unsymmetrical sections, bending in special beams 


(including those with thin webs). The appendix deals 
with the design of a floor in timber. 

Details of welding technique and the standardised 
American welding symbols are given. There are 
numerous worked examples, accompanied by very 
clear diagrams, interspersed throughout the text. There 
are also some excellent photographs. 

The book can be recommended to structural engineer- 
ing students who desire an introduction into the 
American methods of calculation and American stan- 
dards, in the sphere of structural members subjected 
to flexure. 

Sets of problems are given at the ends of various 
chapters. It is a pity that answers to the problems 
are not provided. TJ. 


A Course of Reinforced Concrete Design, by 
T. J. Bray. Second Edition. (London : Chapman & 
Hall, 1950). 228 pp., 10h in. X 7} in. 76 illus., 27 
charts and graphs. 30s. 

This book, based on notes prepared for the author’s 
own use when lecturing, presented in amplified form, 
was first published in 1946 as a textbook for students 
and. a reference book for young engineers. It has now 
been revised, but still refers to the 1934 Code of Practice, 
although an additional Appendix has been included 
which deals with the various recommendations and 
implications of the new B.S. Code of Practice, C.P. 114 


(1948). 

The book is well illustrated with diagrams, and design 
charts and graphs are placed at the end of the work ig 
easy reference. 


september, 1951 


247 


An Investigation of the Strength of Welded 


Portal Frame Connections 


An Investigation of the Strength of Certain 
Welded Portal Frames in Relation to the 
: Plastic Method of Design 


Discussion on papers by Dr. Arnold W. Hendry * 


THE CHAIRMAN (Mr. Walter C. Andrews, O.B.E., 
M.I.C.E., Vice-President), introducing Dr. Hendry, 
eferred to his earlier paper on ‘“‘ An Investigation 
yf the Stress Distribution in Steel Portal Frame Knees,’’+ 
n 1947, for which he was awarded the Sessional Medal 
und Research Prize. From that and his other con- 
tributions, listed in the papers now before the meeting, 
t seemed that Dr. Hendry had made a “corner”’ in 
ortal frame knees and allied matters. 

The Chairman proposed the hearty thanks of the 
Institution to Dr. Hendry for all the work which 
Ibviously he had put into his subject, for the way 
n which he had set out his experiments and drawn 
sonclusions from them, and for the way in which he 
aad presented the work. He had given much matter 
ior thought and to which, perhaps, to give effect. 

(The vote of thanks was warmly accorded). 


Mr. Joun Kine (Associate-Member), asked for 
D:. Hendry’s observations on the rather vexed question 
of flange stability, purely from the practical angle. 
it was usually quite easy, he said, to give top flange 
estraint with members on the top of the portal, but 
urchitects had a nasty habit of objecting violently 
fo members coming into the bottom flange of a portal, 
and it seemed from one of Dr. Hendry’s illustrations 
that the bottom flange needed some stiffening near 
the knee. 


Dr. Henpry said that Mr. King had in mind the type ~ 


of portal used for a building frame, but in the papers 
he had had in mind the bridge type of girder, in which 
the cross-girders usually framed into the beam and 
provided stability over the full depth. He was afraid 
there was nothing useful that he could add at the 
moment concerning the type of portal which obtained 
its stabilising force on the upper flange ; that problem 
was very wide and required full investigation. 


Mr. D. J. Davies (Associate-Member) said he had 
had the pleasure some years ago of co-operating with 
Mr. Grisenthwaite in his work on portal-frame bridges, 
when it was realised that many problems were not 
readily solvable by the methods of analysis then 
available. Use was made, however, of information 
from tests carried out by the American Institute of 


_ *Read before the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1., on Thursday, December 14th, 
1950. Published in THE STRUCTURAL ENGINEER, Vol. XXVIII, 
No. 10, p.265, and No.12, p.31l. Y Ta 

+Published in THE STRUCTURAL ENGINEER, Vol. XXV, Nos. 3 - 4. 


Steel Construction, and from various papers on the 
subject of strains and stresses at frame knees. Rational 
methods of design for frame-knees were not fully 
developed by these earlier sources of information, and 
Dr. Hendry’s pioneering work in this direction was 
likely to be very useful. 


A number of points arose in design, for example 
the use of radial stiffeners against curved flanges. 
These had been frequently used on portal frames knees 
with inner curved flange thicknesses up to 24 inches 
supports. The stresses in these flanges were reduced 
by putting in radial stiffener-supports connected to 
the web, thereby achieving a certain saving in flange 
thickness. The question arose then of the flange forces 
arising from the curvature of the knee. The incidence 
of these radial forces on the web had to be allowed 
for in the design of the web to prevent buckling. These 
forces had been settled more or less empirically in the 
past, and checked by simple statical triangulation of 
forces, which seemed to offer a conservative solution 
for knee designs. With portal frames of 150—200 ft. span, 
the thickness of the web at the knee tended to increase 
to the stage where a more prodigal use of stiffening 
was required for economy in construction. In this 
connection the load in the stiffeners became an issue 
in design. 


The Americans had carried out some very thorough 
tests on riveted and welded full-scale tapered-leg frames, 
but correlation of these results with design procedure 
of a rational nature by evaluation of principal stresses, 
became much too involved, and usually we had not 
the time to design by this method. The alternative 
had been to use previous experience of similar structures 
as a precedent for attaining sections that would satisfy 
the stress conditions. 


One felt that engineers would agree that the work 
of Dr. Hendry might lead to the evaluation of design 
factors which could be incorporated in design procedure 
applied directly to many of the problems associated 
with the detail of portal frame knees. Problems on 
frame knees had been put to Mr. Davies by highway 
bridge engineers, and he felt re-assured that he could 
now refer them to the valuable research which 
Dr. Hendry has carried out, and which would add 
further to knowledge on this rather complex part of 
a portal frame bridge. 


Dr. HENprRY said reference had been made to rather 
larger portal frames than he had had in mind, and 
to the possibility of going into the thinner types of 
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webs. That was a matter for further investigation. 
But from the work done so far, the conclusion might 
be drawn that even quite light stiffeners were very 
efficient in preventing premature failure ; he felt that 
in this particular matter, even if we had not full know- 
ledge of the stresses in the various stiffeners in a system, 
probably anything which looked right would be satis- 
factory, and that was as far as we could go at the 
moment. There was a great deal in the experienced 
engineer's judgment. It was frequently found in this 
type of research work that the designer was somewhat 
ahead of theory and that, when theory caught up, 
the designer was usually found to have been essentially 
correct. 


Lieut.-Col. R. F. GaAtsBraitH (Vice - President), 
congratulated Dr. Hendry and said it was to be 
noted that his tests were made on quite small members 
of small spans and quite light sections. But how far 
were we justified, he asked, in interpreting results on 
small scale tests and applying them to practical 
problems? He asked whether larger scale tests had 
been made which would in any way support Dr. Hendry’s 
theories. 


Dr. Henpry replied that experience, so far, had not 
revealed any serious differences between the behaviour 
of quite small sections and of very large ones. He had 
not been able to test anything very large, mainly for 
reasons of the space and equipment available ; but 
large scale full-size frames had been tested by Professor 
Baker and his‘ colleagues at Cambridge, and he under- 
stood that the results obtained with the full-size frames 
fully confirmed the expectations based on small scale 
work. He believed also that comparisons with the 
very large portal frame connections tested by the 
Americans some years ago agreed with the conclusions 
arrived at on the basis of small scale work. It was 
very convenient to be able to do the basic work on 
small scale frames, to test theoretical methods and 
proposals, because it was so much cheaper, and the 
tests were easier to handle ; we simply could not afford 
to test a large number of frames costing perhaps £100, 
£150 or £200 each, and to do so was wasteful if we 
were not able to learn any more than we could learn by 
testing quite small frames. But, of course, it was 
necessary to check the results with those of large scale 
tests ; he believed that aspect was being handled by 
other people, and a certain amount of work on large scale 
frames had already been published. 


Dr. J. W. RopERIcK complimented Dr. Hendry on 
his most valuable contribution to the experimental 
verification of the simple theory upon which the plastic 
design method was based. The paper on connections 
was of particular interest, since it revealed the con- 
ditions under which knee type connections should be 
stiffened, and demonstrated the correct way in which 
this should be done. 


One of the essential requirements of the plastic 
design method was, of course, that the connections 
should be capable of transmitting the full plastic 
moments of the members joined, and should do so 
with the minimum amount of deformation. Quite 
frequently one saw connections stiffened as shown 
in Fig. 1(a) ; while that might help in preventing web 
and flange buckling, it did very little to prevent ex- 
cessive deformation. Under load, the web within the 
connection invariably began to fail in shear at an 
early stage, the square corner being deformed into a 
diamond shape as at (b). When the connection was 
provided with a diagonal stiffener such as Dr. Hendry 
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had used, the deformation was considerably reduced. 


Pointing out that care should be taken in applying 
the results of such tests to structures generally, 
Dr. Roderick said that ideally, we should like to examine 
the behaviour of connections in structures loaded to 
collapse. Unfortunately, the opportunities for tests 
of this kind were few, and we had to resort to the 


i (a) ! \b) 


Fig. 1 


testing machine as Dr. Hendry had been compelled 
to do. Since large tensile testing machines were rarely 
available, such tests had also to be confined to com- 
pressive loading. Illustrating a knee joint loaded as 
in Fig. 2, Dr. Roderick said that with this arrangement 
it was often difficult to obtain the desired ratio of 
bending moment and shearing force. Also, one had 
to contend with fairly large compressive components 
along the members contributing to the tendency to 
web and flange buckling in the vicinity of A, whereas 
for instance, in a tall portal frame the axial loads 
might be comparatively small. It was interesting to 


Fig. 2 


note that in a series of tests by the German railway 
authorities*, carried out more than 20 years ago, so 
of these difficulties had been overcome by testin 
the connections in pairs and loading them as show 
in Fig. 3. 


The influence of shearing force on the full plastic 
moment had been referred to by Dr. Hendry. That 
problem had been investigated theoretically at 


*Schmuckler, H. ‘‘Die Dresdeney Versuche der Deutschen Reichs 
bahn - Gesellschaft und des Deutschen Stahlbau - Verbandes mi 
geschwetssten Stahlkonstruktions - Verbindungen.” 

Der Stahlbau, p. 133 June, 1931. 
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Cambridge by Dr. Horne, who had produced an accurate 
solution for calculating the reduction in the moment. 


Fig. 3 


For standard rolled steel sections, he had come to 
the same conclusion as had Dr. Hendry from his tests, 
mamely that the reduction was usually small, and 
only became important under excessively high shearing 
forces. 


Mr. J. C. H. Fintinson (Associate - Member), 
referring to the portal frames which were illustrated 
in Fig. 25 (p. 278), said at appeared that when they 
were tested, the strength was less in the case of A.1. than 
in the case of A.2. and A.3. He wondered whether 
that was due to any inherent merit in the pattern of 
the stiffeners in A.2. and A.3., or was it only due to 
the fact that the members in A.2. and A.3. had in effect 
been very substantially haunched. It appeared to him 
that the corner detail, especially in A.3, was very large 
relative to the frame. He asked Dr. Hendry whether 
A.2 and A.3 would have shown strengths usefully 
greater than A.1, had the proportion of span to size of 
sorner detail been much greater. 


Dr. Henpry first thanked Dr. Roderick for his 
nteresting remarks, and for having called attention 
0 the need for ensuring that one was really testing 
the effect that one was trying to represent. 

In arriving at the proportions of the frames tested, a 
ridge type of portal having ratio of span to height 
uf about 5 or 6 to r was envisaged. For this case, the 
atio of bending moment to shearing force and axial load 
was correctly represented in the tests on L-frames, 
while a variety of other conditions were covered in the 
ests on complete portals. 

In the L-frames he had tested, the axial compressive 
‘component had given rise,to rather small compressive 
tresses, the effect of which on the strength of the frames 
vould not be appreciable. Thus, he believed, the results 
vould have been practically the same if one had tested 


he joint by putting it into bending and shear without. - 


i direct component. In practical portals, of course, 
here was a component in the beam whose magnitude 
qualled the horizontal thrust of the portals. 

The first type of connection should be avoided 
vherever possible. But it was not always possible 
© avoid it, as was shown by some of the test frames 
laving very deep beams, as illustrated in his second 
aper. If there were two beams of similar dimensions, 
hat type of connection was weak, 

Coming to Mr. Finlinson’s remarks on the difference 
n strength and stiffness of the three frames having 
lifferent knee stiffeners, as shown in Fig. 25, again 
le emphasised that he had in mind a bridge type portal 
n which one could have relatively deep brackets. 
Phe increase of stiffness and strength was entirely 
lependent on the size of the brackets in relation to 
1e span of the portal. d 
For the bridge type girders which he had in mind, 
> did not think the brackets shown in Fig. 25 were 
ry far away from what was feasible in practice. 
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Mr. P. L. Capper (Associate-Member of Council), 
discussing the reduction of the plastic modulus of a 
section by axial stress, called attention to Fig. 18 
(p. 320), giving a series of lines connecting the ratio 
of the reduced modulus to the full plastic modulus 
of the member against the ratio of the axial stress 
to the yield stress; and to Table IV, where some 
average factors were derived from those lines. 
The lines being nearly at 45° across the diagram, 
he suggested that a very simple approximation could 
be made by taking a line at 45°, which would then 
give the reduced plastic modulus/full plastic modulus, 
equal to the difference between the yield stress and the 
axial stress divided by the yield stress :— 


uw «= fy — fa 


ie . ue \) 


D:. HENDRY said the suggestion appeared to be a 
very practical one, and the proposal might well be of 
value in design. One would over-correct by using that 
method to the extent that the straight line was under 
the curved line. The effect would not be serious in 
the case of squat members having the same order of 
depth as width, but it might be wasteful in the case 
of sections which were deeper in relation to their width. 
However, the correction might be suitable for practical 
purposes, and the suggestion was very interesting. 


Mr. R. G. BRAITHWAITE, M.1.C.E., referred to the 
unnecessary amount of detailed work at the knee- 
connections of many portal frames he had seen, which 
he atiributed to the lack of information and knowledge 
of the stress distribution at this joint. He mentioned 
that he wished to underline and emphasise some of 
the facts that emerged in the paper, and referring to 
Figs. r and 14, said it was interesting to note the 
increased stiffness obtained by increasing the thickness 
of the web stiffener, without increasing the amount 
of workmanship or welding. He had himself carried 
out some similar tests on various types of joints 
(reported Inst. Welding Transactions, April, 1947), 
and had obtained similar results. Incidentally, 1: 
was an easy joint to make, as it was only necessary 
to make one, bevel saw cut through the joint at the 
appropriate angle, and obtain the connection by 
reversing the edges. 

The cost of making these joints was reflected in the 
details shown in Fig. 25 (p. 278). If one studied the 
graph in Fig. 27, and measured the quantity of weld 
required to make the joint, one found that Frame A.2 
had nearly 5 times as much welding as Frame A.1, 
with not more than 124 per cent. increase in strength 
at the yield point. Similarly, n Frame A.3 there was 
7 times as much welding with only 35 per cent. increase 
in strength at the yield point. 

The results of the tests on the curved flanges were 
worthy of emphasis, as they showed there was no 
particular advantage in stability between that and the 
straight sloping flange. This would form an important 
factor in the cost of fabricating heavy portal frames. 
Unless the fabricator had heavy presses to form the 
flanges cold, the cost of smithing and forging becomes 
extremely high, and there was also the added difficulty 
of fitting them to the web plate. Although from the 
point of view of aesthetics the curved flange might 
look better than the straight type. 

Congratulating the author on the amount of detail 
he had put into the work, Mr. Braithwaite said it 
was obvious that he had devoted a number of years 
to his investigations, the results of which were a valuable 
contribution to the investigations carried out by 
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independent research workers, both in this country 
and on the Continent. Mr. Braithwaite remarked 
on the development of portal frame construction in 
Germany, and suggested that every opportunity should 
be sought to co-ordinate their research with our own. 


Professor W. FISHER Cassie (Hon. Treasurer) appealed 
to designers to take more note of the findings of research 
workers. The papers before the meeting, he said, put 
forward important points, not only regarding the problem 
of plastic failure, but also on fabrication, and a number 
of practical ideas had been introduced. 


Looking at the history of any of the modern applica- 
tions of science in engineering or elsewhere, we found 
that on the average, a period of about 30 years elapsed 
before an idea which was scientifically correct was 
applied in practice ; that was not an exaggeration. 
Papers such as those by Dr. Hendry could be produced 
and studied in the Institution, but how far were we 
progressing in the application of the ideas put forward ? 
Could Dr. Hendry or Dr. Roderick say how many portal 
frames of the kind discussed in the papers had been 
designed on the plastic theory, which, after all, had 
been known for some years to be workable ? 


Dr. HENDRY, in thanking Mr. Braithwaite for his 
interesting remarks, said he was very gratified indeed 
to know that this work was of interest and value to 
the practical designer. 


It was interesting to hear Mr. Braithwaite’s com- 
parison between the costs of the different frames which 
incorporated different amounts of welding. In actual 
fact, frame A.1 had cost about £9, and A.2 and A.3 
f10 and {11 respectively. The problem of achieving 
a balance between the increase in strength and the 
increase in costs was one for the designer ; the research 
man had to indicate the possibilities, and the practical 
designer had to interpret them in terms of economy. 
At the same time, however, the research man should 
keep such matters well in mind. 


The type of detail which Mr. Braithwaite had referred 
to, incorporating a diagonal stiffener, was undoubtedly 
most satisfactory. The question arose as to whether 
it was good practice to cut the beam in the manner 
described, and to have it welded to a piece of plate 
extending to the full breadth of the section. He had 
heard people criticise this detail on the grounds that 
if the stiffener plate contained laminations, the results 
would be serious ; but he did not know whether any 
cases of this kind had been observed in practice. 


Dr. Hendry had no information concerning the 
number of portal frames which had been designed on 
the plastic theory, but he imagined that the number 
was around nil. He happened to know of one case 
in which a designer, whose ideas were well ahead, had 
designed a portal on the plastic theory ; when the 
calculations were submitted to a certain local authority 
for approval, the designer was asked to explain his 
method of design, which was regarded as incompre- 
hensible. Some scope must be given to designers to 
apply new ideas, and one trusted that regulations 
would allow the plastic theory to be applied within 
the limits of acquired knowledge. — 


Replying to Professor Fisher Cassie, he said it was 
true that the time lag in applying a theoretical idea 
to practice was too great. The plastic theory had 
been well known for I0 or 12 years as a practicable 
method of design, but it was not yet used to any great 
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extent ; one hoped that that state of affairs would 
be remedied in due course. 


Dr. RopERIck said that, since Professor Fisher Cassie 
had mentioned his name when asking what progress 
had been made in the application of the plastic design 
method, perhaps he might be allowed to say that he 
thought Dr. Hendry had ‘given a rather depressing 
account of the situation. One or two small buildings 
had been designed on that method and were erected, 
several more were contemplated, two of which would 
shortly be under construction. 


It appeared that there was a belief that building 
regulations did not yet permit the use of the plastic 
design method. This was not so. The B.S. 449 (1948) 
dealt with design under three headings : simple design, 
semi-rigid design and fully-rigid design. For the last 
of these it is stated that “for the purpose of such 
design, accurate methods of structural analysis shall 
be employed leading to a load factor of 2, based on the 
calculated or otherwise ascertained failure load of 
the structure or any of its parts...... ’ That is, the 
plastic design method was permitted, provided a value 
of 2 was used for the load factor. 


In a handbook on the plastic design of simple frames, 
shortly to be issued by the British Constructional 
Steelwork Association, a load factor of 1.75 had been 
advocated. ~The reason for this was that a simply- 
supported beam designed for the working stress of 
to tons per sq. in. allowed under simple design in the 
British Standard, had a load factor on collapse of 
only 1.75. It was therefore hoped that the next stage 
in the progress of applying the plastic design method 
would be to get the regulating authorities to accept 
a load factor of this value. 


Mr. B. L. CLarK (Associate-Member) said that in 
designing, he had always made a practice of using 
the stiffener to stabilise the bottom flange by connection 
back to some members which came on to the top flange, 
and in doing so he had used 24 per cent. of the stress 
in the bottom flange as the transverse force. Dr. Hendry 
had stated that the stabilising load on the bottom 
flange in his experiments was 3 per cent. of the flange 
load. Mr. Clark asked if Dr. Hendry could confinm 
the figure of 24 per cent. as one to which we could work 
in stabilising the bottom flange, because it was very 
important to designers, who could quite easily deal 
with the remainder of the portal frame, provided they 
were assured that the inner flange was quite stable 
where compression stresses occurred. 


Dr. HENDRY said he could confirm the figure. That 
was the lateral load which was necessary in frame No. 5. 
In the paper (Fig. 9) the actual lateral load curve was 
given ; the lateral load was quite small in relation 
to the maximum load carried by the structure, but 
would be different as between one case and another. 
It depended, among other things, on the web thickness. 
For example, if the web were thin and deep, it was not 
so stiff and the lateral force necessary would be greater. 
It was difficult to put any particular figure on it, but 
he believed that, for sections of the proportions of 
rolled steel joists, the figure of 3 per cent. was poppet 
quite reasonable. 


THE CHAIRMAN commented on the great inter 
of the discussion, and thanked Dr. Hendry on beh 
of the meeting for the able manner in which he ha 
dealt with the questions raised. 
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to a Factory at Silvertown" 


Discussion on Mr. F. G. Etches’ Paper 


DISCUSSION 


_ THE CHAIRMAN, proposing a vote of thanks to 
Mr. Etches for his excellent paper, said it was clear 
in the first place that the conception of the project 
‘as a whole, and also the development of the details 
gave evidence of much care and thought. The problems 
which had to be solved were considerable, because 
they had included not only the usual difficulties relating 
to the design of a new building, but they also included 
many particularly difficult problems associated with 
altering existing buildings and making them serve 
Other purposes. He thought that Mr. Etches and 
all concerned with that project should be congratulated 
on the success which they had achieved in their solution 
to these many and varied problems. He had found 
it very interesting to compare the slide of one of the 
original buildings (rocfed with Belfast trusses) with 
the slide of the new structure which had replaced it. 
The fuss and complication of the old structure had 
given way to the simple and finely proportioned portal 
framed structure, which he felt sure that everyone 
would agree was very satisfying to the engineering eye. 

It was also clear that a great deal of ingenuity had 
been shown in the development of the details, for 
example, the specially shaped gutter, with its overflow 
weir just beyond the end wall—which would effectively 
prevent flooding inside the building in the event of 
particularly heavy rain or a blocked downpipe. 

That was only one small example, but on all of the 
details pointed out, and in some others which they 
may have noticed on the slides (for example, the very 
simple and effective pipe bridge), there was evidence 
of clear and good engineering thought. 

The paper was very comprehensive in scope, including 
not only piling and the many superstructure problems 
which were the direct concern of structural engineers, 
but also other matters such as heating and ventilation, 
electrical work, etc. The very fact that the paper 
was so comprehensive had made it impossible for 
Mr. Etches to enlarge on many of the interesting 
problems. 

He therefore hoped that in the discussion, many 

questions would be asked which would enable Mr. Etches 
to amplify the information given in his paper. 
_ Finally, he congratulated Mr. Etches on the very 
lucid way in which he had presented the paper, and 
for showing and explaining not only a very com- 
plete series of slides—but also a most interesting 
“movie ’ show. 

Following the hearty applause with which the 
Chairman’s vote of thanks was received, the Chairman 
continued and said that there was one matter in 
particular on which he would like to ask for more 
information. aoe. 

Concerning the piling, the Chairman said that 
Mr. Etches had referred to a test pile which was subject 
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to a load of 112 tons, and which showed a total settlement 
after 24 hours of two inches. He would like to know 
whether a time-settlement curve was taken, and was it 
quite clear that settlement had finished at the end 
of the 24 hours ? Two inches was a fairly high settlement, 
and it was important to know whether that represented 
the final settlement under the test load, or whether 
it was likely to go on. It would be interesting to know 
what was the nature of the soil through which the test 
pile penetrated, and also of the soil in which it finally 
took a bearing. 

In connection with the piles also, he had found no 
mention in the paper of what load was put on them 
as a working load. That, he thought, would be a matter 
of considerable interest. In addition he would like 
to know the length and size of the piles, and any par- 
ticulars as to the driving, the weight of the monkey, 
the height of the drop and the final set, and also what 
was the measured settlement (if any) of the piles under 
their actual load. 


Mr. F. E. FowLre (Member) said as a colleague of 
Mr. Etches, he would like to congratulate him on the 
excellence of his paper, and on the manner in which 
it had been produced. 

Although he had taken no part in the work, yet 
he had watched with interest its progress both in the 
office and on the site, and to anyone who had seen the 
completed factory at Silvertown there could be no 
doubt that a very satisfactory result had been achieved. 

The first point he wished to raise had already been 
dealt with by the Chairman, and concerned the load 
and settlement on the test pile. 

His second point concerned the shape of the roof 
frames. On referring to the paper, it appeared that 
the shape of the roof frame had been dictated by the 
depth of the trough gutter, and this seemed to have 
been determined by the fact that no internal down pipes 
were permitted. In consequence, the gutter was 
250 feet long, and discharged into an outlet at one end. 
apart from the desirability of discharging this length of 
gutter into a single outlet, he would like to ask if 
Mr. Etches would agree that had it been permissible 
to use internal down pipes, the depth of the gutter 
could have been considerably reduced and a complica- 
tion in the shape of the frames avoided ? 


Mr. A. W. D. MaArsHaLt (Associate-Member) was 
interested in the actual covering of the roof, and the 
slope which was nominally 10 degrees, but appeared 
to be considerably flatter on the top portion. He asked 
whether there had been a practical test of the water- 
proofing. 

With regard to the welding of the column legs, he 
had noticed from the photographs that the flange plates 
were welded to the web plates by continuous fillet welds. 
Could Mr. Etches say whether special precautions were 
taken at the works against distortion of the columns 
during the application of these welds ? 

His last point concerned the problem of choosing 
between portal frames and roof trusses. Architects 
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and Engineers knew the improvement in appearance 
by avoiding the mass of tie members, and portal frames 
had the virtue of being a novelty, but had a lot of 
disadvantages. One disadvantage was that the works 
manager had nothing from which to hang apparatus. 
The first thing looked for was a main tie from which 
could hang bus-bars, electric leads for special machines, 
ventilators and load speakers. They had to balance 
a lack of usefulness against the novelty and cleanness 
of portal frames. 


Mr. E. R. E. CatcHpoLe (Associate-Member) said 
his was a small question. In the method of erecting, 
where the stanchions and the haunch portions of the 
roof were erected first, and then the rafter section in 
each case was added, it seemed that each rafter section 
would be a closer, and would give rise to a problem 
in securing a good fit up for welding. He would be 
interested to know how this problem was overcome. 


Mr. F. G. Bowen (Associate-Member) said that a 
little more detail of the strengthening of the existing 
reinforced concrete columns would be of interest. Was 
any special treatment or strengthening of the column 
foundations necessary and, if so, how was it done ? 

He thought that he could safely leave Mr. Etches to 
answer Mr. Marshall about the matter of roof frames 
versus trusses, but in regard to the contention that 
fittings could not be fixed conveniently on frames, he 
would suggest that the answer was for the Works 
Manager to make up his mind and specify his require- 
ments in advance. Then the structural engineer would 
soon provide them for him. In fact, the factory described 
by Mr. Etches appeared to be a case in point because 
some of the frame fittings, judged from the illustrations, 
appeared to be very neat—he had in mind, in particular, 
the crane feeder brackets which, apparently, served 
their purpose admirably. Admittedly, from the 
structural engineer’s point of view, it always seemed a 
pity to have to make a nice frame look like a Christmas 
tree, due to the addition of all the fittings that had 
to be put on to it! 


Mr. H. RUTHERFORD asked if he might be allowed, 
as one on whom he thought lay the responsibility of 
finding the money for that building, to say how much 
he had enjoyed Mr. Etches’ paper. He thought he 
had probably learned more about the building on that 
occasion than he ever knew before. He felt rather 
more inclined to talk about the two points the Chairman 
had mentioned. He would certainly have sleepless 
nights over those piles until he had heard the answer. 
He had been assured on more than one occasion that 
there was no chance of the whole building disappearing 
somewhere below the soil! It was a very troublesome 
area. The references to the Belfast truss really had 
shaken him. That building was, in his opinion, quite 
a historic building. It was erected after the Silvertown 
explosion in 1917, and he thought it was put up in 
record time and as a temporary building, but it had 
been in existence now for very nearly 30 years, and 
they had a great affection for it. 

To answer the various speakers who had _ been 
commenting about hanging things from the roof : just 
as infinite care had been given to the building itself, 
he could assure them that as much had been taken 
in the lay-out of the factory. If, in a few years’ time 
it was necessary to start hanging things from the roof, 
then he thought it would be time to start thinking 
of a new building. 


Mr. John FABER (Associate-Member) noted that the 
purlins used on the 25 ft. 3 in. span were of 8 in. x 4 in. 
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rolled steel joists which appeared to be on the heayy 
side. As this was fundamentally a welded job, he had 
been interested to see that ordinary joists had been 
used for the purlins instead of one of the more fancy 
forms, such as castellated beams, or light girders formed 
by two angle- or T-flanges held apart by a wiggley rod 
welded at the intersections. He expected it was 
something to do with money, but he would like to 
have Mr. Etches’ views on that. 

The paper referred to the use of solvents and nitro- 
cellulose, and it would be interesting to know whether - 
any special waivers had been granted by the authorities 
for the use of these materials, and whether any special 
bund precautions had had to be taken. Had any 
separation traps been required in the drainage arrange- 
ments, and, if so, had there been any special linings, 
and how had these been formed ? 

With reference to the ventilation, Mr. Faber observed. 
that Mr. Etches had referred to special diffuser type 
inlets. In buildings of the kind described in the paper, 
it was quite usual to use nozzle inlets which introduce 
the air at high velocity, so that a certain amount of 
turbulence was set up, and the air worked its way into 
corners which might otherwise have become dead 
pockets. With these high velocity inlets, the atmosphere 


- was sometimes more lively and stimulating than when 


slow velocity inlets were used. Could Mr. Etches say 
whether the ventilation had proved to be successful ? 


Mr. A. J. SHEWAN, said, as one of the officials 
of the company owning the building, he would like to 
draw attention to the advantages of the portal type 
of frame. He was pleased that no one would have 
the opportunity of hanging weights from the bottom 
tie of a truss. With regard to the construction of the 
frames themselves, he was of the opinion that the 
superficial area was much less than of the equivalent 
type of truss, and therefore the corrosion to be expected 
in a period of years would be much less. It was also 
important in that particular factory that dust was 
kept to a minimum, and it was quite clear that dust 
on those comparatively small superficial areas of the 
portal frame was much less than any dust which could — 
collect on the old common truss member. 


Major R. M. H. Neat (Associate-Member) said that 
while he was no protagonist for roof trusses, it just 
came to his mind that the American definition of an 
engineer was ‘a man who could do with one dollar 
what it took another to do with many.’ 

He had one fundamental question : there was a 
problem to be solved ; a crane to be housed with a roof 
over the top of it. Could he ask Mr. Etches if he could 
give them an idea of the comparative cost between a 
more orthodox type of structure with a roof truss, and 
the structure using the portal frame ? 

To this Mr. Reisser interjected to add: could they 
have at the same time the estimated cost of 
maintenance ? It was not only the initial cost, but the 
cost of maintenance afterwards that was important, 
and. it would be interesting to have it. 


Mr. ETCHES, replying to the discussion, said he 
valued very highly Mr. Vaughan’s words of appreciation. 

As far as the test pile was concerned, the settlement 
was admittedly rather high, but it was loaded with | 
almost 100 per cent overload. The test continued — 
for 24 hours, and the load settlement curve was plotted, — 
and indicated that further settlement was extremely 
small. | 

The soil types that it passed through were fir: 
ordinary made-up ground, soft river deposits and so 
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one got along the course of a tidal river, such as 
he Thames. The pile was driven down to, and came to 
rest in, the ballast which exists immediately below. 

_ The test pile carried a maximum of 112 tons, but the 
average working load on the piles was of the order 
of 45 tons, although there were a few piles which carried 
rather more than that. 

_ Mr. Fowle had made a point about the guttering. 
One of the considerations in the drainage of the factory 
was that the combined soil and surface water of the 
factory had been previously discharged into the main 
sewer which ran along North Woolwich Road. These 
sewers were very much overloaded, and it was the 
wish of all concerned that no extra load should be 
put on them, and if possible the original flow should 
be reduced. For that reason the whole of the surface 
water at the north end of the site was discharged into 
the Thames. The combined length of E and J Blocks 
was of the order of 450 feet. Had there been intermediate 
down pipes at the north end of E Block, at least one 
additional run of surface water drain right back to 
the river would have been required. Since also, it 
was highly desirable to discharge through a flood valve 
above the normal high water level, this would have 
been hardly possible with levels as they existed with 
this extended run of drain. 

The capacity of the gutter was such that it could 
hold the equivalent of 4 in. of rain over the whole 
toof. That being so, it seemed quite reasonable to 
have down pipes at only one end of each shop, the 
depth of gutter being sufficient to give the necessary 
hydraulic gradient. 

_ An additional reason for reducing the number of 
down pipes was to avoid cutting up the existing floors. 
In point of fact, many large areas were relaid, but in 
the original plan it was thought more areas could 
have been re-used, and therefore the less disturbance 
to the existing floors the better. 

_ Mr. Marshall had made a point about the pitch of 
the roof which was Io degrees throughout. There had 
been no leaks at all through the new roof, in spite of 
an extremely wet winter. As a matter of interest, the 
leaks which had occurred had been in the existing 
roof of F Block, which was a much steeper roof, although 
of course, there could be no direct comparison since 
this was a slate roof. 

With regard to the distortion of the welding work, 
that had been anticipated by the fabricators. The 
flanges of the frames were set up to a curvature away 


from the webs. When the flange was welded to the — 


web by a pair of continuous fillet welds, distortion 
caused the flange to straighten, and the finished job 
was entirely satisfactory. 

They had heard a number of remarks about hanging 
apparatus from roof trusses and frames. He did not 
want to add anything more, except to say that the 
clients had provided the available information, and 
since all the services and the structures were handled 
by one organisation there was every opportunity of 
successful co-ordination. An illustration which showed 
that things which must hang from the roof did so 
reasonably and on well defined lines, was No. 8, which 
showed the fluorescent lighting fittings hanging from 
some of the purlins. 

_ Mr. Catchpole had asked about the centre section 
of the roof. He thought perhaps there was a point 
of explanation needed there. The method chosen for 
the erection of the centre section of each frame was 
for the two halves to be bolted together at the ridge, 
and then dropped into place and welded. When it 

designed, it was not anticipated that it would be 
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erected in quite that fashion. Had the method used 
been decided earlier, there would have been no need 
to bolt the junction plate at the centre of the rafter ; 
it could have been a welded connection, and he was 
quite sure it would have been. As for the fit, there 
was no difficulty as far as he knew, and the joint came 
together without straining into position. 


Mr. Bowen had asked about strengthening the 
columns in F Block. Fortunately, some information 
was available and some details were known. The 
surface of these was hacked back to the steel, shuttering 
was added, and suitable vertical rods and _ binders 
were taken round the column and the whole lot con- 
creted up. There was no additional foundation work 
needed for the increased column loads, as the existing 
piles were quite capable of taking this, which as a matter 
of fact was not very considerable compared with the 
existing roof load which it was already carrying. 


He thanked Mr. Rutherford for his remarks, and 
he hoped that the loading on the piles might be 
reasonably reassuring to him. 


Mr. Faber had asked about the purlins, but the 
answer was in the price. It seemed to be nearly always 
cheaper to pay for material rather than workmanship. 
Certainly, a welded purlin could be made up using a 
less quantity of steel, but for such a span as 
25 ft. 3 in. there was no doubt in his mind that a simple 
joist section was much cheaper than a welded section 
purlin, but this would probably be reversed if much 
longer spans had to be considered. 


As for the protection given to the buildings, he 
could say that the nitro-cellulose store was given a 
30 ft. clearance as a minimum from all other buildings. 
As for drainage, there was a complete floor below the 
steel storage tanks to catch any liquid, in the event 
of damage to any one of the tanks. A sprinkler system 
was installed throughout, and in special sections such 
as the sub-station, this was of the emulsifier type. 


The diffuser outlets, or inlets, as the case might be, 
appeared to be quite satisfactory. He could say that 
it was quite comfortable to be in the shops at the 
moment with the plant working. There was no noticeable 
air movement, and yet it seemed quite fresh and pleasant. 

He quite agreed with Mr. Shewan about the corrosion 
—it certainly must be less on the clean lines of a welded 
structure- presenting less opportunity for corrosion 
to start and work unnoticed. It certainly did make 
the maintenance job much less formidable, particularly 
in any factory which was liable to more corrosion 
than some. The ledges for dust were certainly reduced 
to a minimum, which was particularly important in 
this case. 


The question of cost had been raised by Mr. Neat. 
It was rather difficult at the moment, because the 
building was not quite complete and the final accounts 
had not been settled. The question of cost was one 
which he did not feel able to answer adequately at 
that moment. 


There was one thing which he thought should have 
been said before—he did appreciate the help given 
by Mr. Reisser of Murex in producing the film, and 
the work of Miss Hickford in taking it. He thought 
all were particularly pleased to have a record of the 
steelwork erection and the early stages of the work 
on the site in that form. 


The Chairman closing the meeting, thanked 
Mr. Etches on behalf of those present and on his own 
behalf for the very interesting evening he had provided 
and for the way in which he had answered the questions. 
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Institution Notices and Proceedings 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 
Thursday, October 11th, 1951 
Presidential Address by Mr. Walter C. Andrews, 
O.BiE sy MYC i ML Struct-E:%0.4p x0 
Thursday, October 25th, 1951 
Ordinary General Meeting for the election of members 
at 5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Dr. P. W. Abeles (Member) will give a paper on 
‘““Some New Developments in Prestressed Concrete.” 
Thursday, November 22nd, 1951 
Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. G. B. R. Pimm, M.1.C.E. (Past President) 
will give a paper on “ The Structural Engineer as 
Arbitrator, Expert Witness and Advocate.” 
Thursday, December 13th, 1951 
Ordinary General Meeting for the election of members 
at 5.55 p-m., followed by a Joint Meeting with the 
British Section of the Societe des Ingenieurs Civils de 
France at 6 p.m., when Monsieur D. Laval will give 
a paper entitled ‘“‘ Reconstruction of the Port and 
Bridges at Rouen.” 
JANUARY EXAMINATIONS 
The Examinations of the Institution will next be 
held at centres in the United Kingdom and overseas 
on January, 8th and goth 1952 (Graduateship), and 
on January 10th and 11th (Associate-Member). 
REPRESENTATION 
The Council have made the following nominations 
of members to represent the Institution :— 
BRITISH STANDARDS INSTITUTION : SUB-COMMITTEE 
ON LARGE ALUMINIUM ALLOY STRUCTURAL RIVETS 
Mr. C. F. Pike (Member). 
JOINT COMMITTEE ON MATERIALS AND THEIR TESTING 
Mr. W. H. Woodcock (Honorary Editor). 
Deputy : Mr. Ewart S. Andrews, B.Sc., M.I.C.E., 
(Past President). 


OBITUARY 

The Council regret to announce that Mr. L. F. 
Summerfield, M.C., Past Chairman of the Western 
Counties Branch, died suddenly at the end of June. 
Mr. Summerfield, who was 61, was elected to membership 
of the Institution in 1925. He served on the Branch 
Committee since 1932, holding the office of Chairman 
from 1948 until 1950. 

PERSONAL 

Mr. Arthur Burton (Member) has set up in practice 
as a Consulting Structural Engineer at 307, Acklam 
Road, Middlesbrough. 

EXAMINATIONS 

PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 

TION BY ATTENDANCE AT TECHNICAL COLLEGES 

A candidate for Graduateship or Associate-Membership 
may be able to attend a technical college ; these notes 
are intended to guide him in choosing the most suitable 
instruction. 

PREPARATION FOR THE GRADUATESHIP EXAMINATION 

Technical colleges offer : 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 


If he obtains a Higher National Certificate or Diploma 
complying with Appendix II, Section V, of the Regula- 
tions Governing Admission to Membership, the candidate 


- will be exempted from the Graduateship Examination. 


Alternatively, he may study subjects selected from the 
available courses and sit the Graduateship Examination. 
At technical colleges courses are usually available in 
Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
students are not normally allowed to select subjects 
from National Diploma or Certificate courses unless 
they can show evidence of sound training in more 
elementary studies. The advice of the College Authori-_ 
ties should be followed. | 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 

At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of 
the Associate-Membership Examination. At other col- 
leges the candidate must rely on Higher National 
Certificate courses or on advanced courses in Building, 
Civil Engineering or Municipal Engineering : these cover 
only part of the requirements for the Associate-Member- 
ship Examination. 

Colleges in the first ,category provide at least two 
years of instruction in Theory of Structures and in 
Structural Engineering Design and Drawing up to 
Associate-Membership standard. They also give in- 
struction in Structural Specifications, Quantities and 
Estimates. 

The Colleges which have informed the Institution that 
courses in Structural Engineering are available are :— 

Belfast College of Technology. 

Birmingham Central Technical College. 

Bolton Municipal Technical College. 

Bradford Technical College. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building. - 

L.C.C. Hammersmith School of Building and Arts 
and Crafts. | 

Manchester College of Technology. 

Middlesbrough Constantine Technical College. 

Salford Royal Technical College. 

South-West Essex Technical College, Walthamstow, — 
a, 

Colleges in the second category provide instruction in 
Theory of Structures from which the student may reach 
Associate-Membership standard, but instruction in 
Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is_ 
not usually so complete. The colleges which have 
informed the Institution that such courses are available 
are :— 

Brighton Technical College. 

Cardiff Technical College. 
Huddersfield Technical College. 

Leeds College of Technology. 

London Battersea Polytechnic. 
London Northampton Polytechnic. 
L.C.C. Westminster Technical College. 
Plymouth and Devonport Technical College. 
Preston Harris Institute. 

Wigan Mining and Technical College. 
Woolwich Polytechnic. 
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Students attending colleges in the first category are 

advised to take the organised courses in Structural 
ngineering. Students of Graduate Membership stan- 

dard will usually be allowed to select subjects from 

courses provided by colleges in the second category. 


DRURY MEDAL AWARD 


The third competition for the above award will take 

place in 1951, and the subject will be the design of a 
reinforced concrete garage with provision for erection 
above it of future superstructure, the garage being 
subjected to unbalanced earth pressure. 
_ Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner ‘“‘ Drury Medal Award.”’ 

The closing date for the competition is October Ist, 
1951. 

The general conditions of the competition are as 
follows :— 

I. The competition shall be for Graduates and 
Students of the Institution of not more than 25 years 
of age. 

2. The subject of the competition shall be a design of 
a structural character, that is to say, primarily structural 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five 
members appointed by the Council. 

_ 4. The Literature Committee shall appoint a jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 


5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution, or, failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


RESEARCH AWARDS 


, The Council have instituted a Research Prize Fund, 
from which awards may be made annually to the author 
or joint authors of papers describing original research 
which they have carried out. Research awards may 
be made for papers read at Headquarters or in the 
Branches and published in the Journal, or for papers 
published in the Journal only without being read at an 
open meeting. 


The assessment for such awards will be made annually, - 


but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

_ Work submitted under this scheme must be original 
and may include any of the following :— 

{ (a) investigations of an experimental or analytical 
character ; 

(b) studies of historical or statistical records ; 

_ (c) improvements in principles or methods of con- 
struction ; 

(d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 

_ (e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 

In cases where the research work described in the 
per was not the work of one individual, the names of 
ll the collaborators should be given in the paper. 
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Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in 
preparing papers for reproduction in the Journal, authors 
must comply with the conditions laid down for all such 
contributions. Particulars of these conditions may be 
obtained from the Secretary. . 

In judging research papers, the following factors will 
be considered :— 


(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 
and art of structural engineering ; . 

(c) the standard of preparation and orderly arrange- 
ment of the subject matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1950, and September, 1951, is October 31st, 


1Q5I. 


THE MACLACHLAN LECTURE 
GENERAL CONDITIONS 


Through the generosity of Mr. John MacLachlan 
(Retired Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed for by 
Associate-Members. The conditions of the presentation 
are as follows :— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture and to be held annually. 

2. The subject of the Lecture may be on any aspect 
of Structural Engineering so long as in every second 
year the subject shall be confined to steel structures. 


— 


3. Entrance into the competition for the Lecture 
shall be confined to Associate-Members of the Institu- 
tion, who are under the age of 32 years. 


4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the Journal of the Institution at the discretion of 
the Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required 
to present the Lecture to a meeting of the Institution 
at which he will be presented with the sum of £17 Ios. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture is submitted or because no lecture submitted 
is considered to be of sufficient merit to warrant an 
award, or for any other reason, the Institution shall 
transfer these sums to the Research Fund of the 
Institution. 


PARTICULARS OF THE COMPETITION FOR 1952 

1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1952. 

2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
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one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should 
be embodied in appendices. Photographs, drawings, 
graphs, etc. which would appear as illustrations to 
the lecture in published form, should accompany the 
script. If additional illustrations would be shown as 
slides, a list of these should be included. 


4. Six copies of each Lecture should be submitted 
and should be addressed to the Secretary of the 
Institution. 


5. The closing date for the receipt of entries by the 
Institution is Monday, March 31st, 1952. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


A visit has been arranged to London Airport on 
Saturday morning, September 15th. Details will be 
circulated. 

Mr. B. T. Hale has resigned from the Committee and 
Mr. J. Grace has been co-opied in his place. 

Hon. Secretary : D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 

A visit to Woodhead to see the construction of the 
new double line tunnel, has been arranged for Wednes- 
day, September 26th. 

The opening meeting of the Session will be held at 
the Engineers’:;Club, Albert Square, Manchester, at 
6.30 p.m., on Tuesday, October 16th, when the Chair- 
man’s Address will be given by Mr. R. Gray (Member). 
Films of the new Tyne Bridge and the Ford Works at 
Dagenham will be shown. The President and the 
Secretary of the Institution will attend the meeting. 

Hon. Secretary: A. S. Sinclair,- A.M.I.Struct.E., 
28, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 


The Branch Annual Dinner will be held at the Botani- 
cal Gardens, Birmingham, on Saturday, October 6th. 

A meeting of the Branch will be held at the James 
Watt Memorial Institute, Birmingham, at 6 p.m., on 
Friday, October 26th, when the Chairman’s Address 
will be given by Mr. W. H. Veal, F.R.I.C.S. (Member). 

Hon. Secretary: E.. R. Deeley, A.M.1.Siruct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 


The first meeting of the Session will be held at the 
James Watt Memorial Institute, Great Charles Street, 
Birmingham, on Monday, October 29th, at 7 p.m., 
when a paper on “ The Dome of Discovery ’’ will be 
given by Mr. J. S. Allen (Graduate). 

Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 


The opening meeting of the Session will be held at the 
Cleveland Scientific and Technical Institution, Middles- 
brough, on Tuesday, October 2nd, when the Chairman’s 
Address will be given by Mr. J. Gerrard, M.I.Mech.E. 
(Member). A similar meeting will be held at the Neville 
Hall, Newcastle, on Wednesday, October 3rd. Both 
meetings will commence at 6.30 p.m., preceded by tea 
at 6 p.m., and will be attended by the President-Elect 
and the Secretary of the Institution. 

Hon. Secretary : lan MacGregor, M.I.Struct.E., 9, 
Ellison Place, Newcastle-upon-Tyne, I. 
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NORTHERN IRELAND BRANCH 


The opening meeting of the Session will be held at the 
College of Technology, Belfast, at 7.30 p.m., on Tuesday, 
October 2nd, when the Chairman’s Address will be 
given by Mr. M. C. Gillies (Member). 

Hon. Secretary : S. G. Duckworth, M.1.Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 

The opening meeting of the Session will be held at the 
Ca’doro Restaurant, Glasgow, at 6 p.m., on Wednesday, 
November 7th, when the Chairman’s Address will be 
given by Mr. R. Summers (Member). 7 

The Annual Dinner and a Buffet Dance will be held 
at the Central Hotel, Glasgow, on Thursday, November 
8th. 

Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 


Hon. Secretary : E. W. Howells, M.1.Struct.E., e/o 
Messrs. T. L. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay. 


“WALES AND MONMOUTHSHIRE BRANCH 


The opening meeting of the Session: will be held at the 
South Wales Institute of Engineers, Cardiff, at 6.30 p.m., 
on Tuesday, October 30th, when the Chairman, Mr. G, H. 
Hodgson, M.I.C.E. (Member) will give an Address on 
“Problems in the Conveyance and Storage of Crushed 
Rock.’’ The President and the Secretary of the Insti- 
tution will attend the meeting. 

A meeting will be held at the Mackworth ‘Hotel, 
Swansea, on Wednesday, October 31st, at 6.30 p.m., 
when the Chairman’s Address will be repeated and will be 
followed by discussion. 

Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
“ Edrom,”’ Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 
Hon. Secretary: C. E. Saunders, M.I-Struct. Ba 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 


YORKSHIRE BRANCH 


The opening meeting of the Session will be held ‘on 
Wednesday, October 17th. | 

Hon. Secretary : E. Wrigley, A.M.I.Struct.E., City: 
Engineer’s Dept., Civic Hall, Leeds, 1. 


UNION OF SOUTH AFRICA BRANCH 


The Annual General Meeting and Dinner were held 
at the Langham Hotel, Johannesburg, on Wednesday, 
May 30th, when the following Committee was elected 
for the Session 1951-52 :— 

Chatyman : D. R. Ryder. 

Vice-Chairman : Dr. A. J. Ockleston. 5 

Committee Members : G. M. Frost, F. F. Binswanger, 
C. A. Pringle, C. A. Rigby, G. M. Anderson, J. G. Hay; 
D:D. fhorp, T.) Bresim) AoE: Tar: 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.1L.C.EG 
M.I.Struct.E., P.O. Box No. 3306, Johannesburg. 
During week-days, Mr. Tait can be contacted in the 
City Engineer’s Department, City Hall, Johani oa 
"Phone 34-1111, ext. 257. 

Natal Section Hon. Secretary: FE. G. Bennett, 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 478, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.1.Struct.E. 
P.O. Box 1692, Cape Town. 
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The President 1Q51-52 


Mr., Walter C. Andrews, 
who will take office on 
October 11th, as President 
of the Institution for the 
Session 1951-1952, repre- 
sents the younger genera- 
tion of engineers. He is of 
the twentieth century and 
is in fact the first President 
of the Institution to have 
been born after the close 
of the nineteenth century. 
At the time of his birth 
in London on March rst, 
1902, Queen Victoria had 
been dead just over a year 
and with the new reign 
had come a quickening ih 
the development of new 
ideas in every walk of life, 
and in none more marked 
than in engineering. The 
age of steel and concrete 
had dawned, and six years 
later saw the foundation 
of the Concrete Institute, 
afterwards re-named the 
Institution of Structural 
Engineers. 


_ Too young to have taken 
* in the First World 

tay. Walter Charles 
Andrews commenced his 
engineering career in 1918 
as a pupil under agreement 
with Mr. R. W. Vawdrey 
(a Founder Member of the Institution), at the Indented 
Bar and Concrete Engineering Company. After three 
years’ practical training he joined the staff of the 
Consulting Engineers, Walter Bridges & Co., as a 
structural assistant, and in 1927 he became junior partner 
in the practice of C. W. Glover & Partners. 


During the Second World War, Mr. Andrews was 
appointed Director of Aircraft Production Factories at 


the Ministry of Aircraft Production. In the period . 


1941-1946, he was responsible for factories for incendiary 
bombs, aircraft parts, air frames, repair shops, an 
underground factory, aircraft hangars up to 180 ft. span, 
reinforced concrete runways, heavy duty hammer 
foundations (in connection with which he initiated 
research), and he acted as Adviser to the Ministry on 
foundation problems. The total value of these works 
Was approximately £30,000,000, and for his services 
during this period, Mr. Andrews was appointed an 
Officer of the Most Excellent Order of the British Empire. 


In 1946, he set up in practice as a Consulting Struc- 
tural Engineer, engaging in the design and construction 
of all types of structures in steel, reinforced concrete and 
timber, and specialising in building and machinery 
foundations. 


The new President’s connection with the Institution 
Structural Engineers began in 1925, when he was 
ected a Graduate. Two years later he beceme an 
ssociate-Member, and his active participation in 


Mr. Walter C. Andrews, O.B.E., M.I.C.E., M.I.Struct. E. 


Institution affairs commen- 
ced in 1937, when he was 
appointed a member of the 
Panel for Hollow Tile Floors. 
Since then he has served 
on the Concrete Sectional 
Committee, the Science 
Committee, Literature Com- 
mittee, Research Commit- 
tee, Finance and General 
Purposes Committee, Mem- 
bership Committee, Legis- 
lation Committee and 
Bye-Laws Committee. He 
has been Chairman of the 
following Committees :— 
Concrete Sectional, Science, 
Finance and General 
Purposes and Membership. 


In 1940, Mr. Andrews 
transferred to full Member- 
ship of the Institution and 
in 1943 he was elected to 
the Council. He became 
Honorary Curator in 1946, 
Honorary Secretary in 
1948, and Vice-President 
in 1949. 

He has written a number 
of technical articles and 
papers, and in 1944 was 
awarded the Institution’s 
London Prize for a paper 
on “‘ Foundations in Com- 
bustible Material.””’ He 
was also awarded the Gold 
Medal of the Institution of Engineers and Shipbuilders 
in Scotland with Mr. L. H. A. Crockett, for a paper 
on “Forging Hammers and their Foundations.”’ 


Mr. Andrews represents the Institution on the Code 
of Practice Council, the Joint Committee of the Four 
Institutions, the Organising Committee for Building 
Research Congress, and various technical Committees. 
He is Chairman of the Codes Committee for Suspended 
Floors and on a number of occasions he has served as a 
member of Committees of Assessors for Institution 
prizes and competitions. 


Almost the whole of the President’s professional life 
has been spent in Consulting practice. He is a Member 
of the Institution of Civil Engineers, a Member of 
Council of the British Section of the Societe des Ingen- 
ieurs Civils de France, and a member of the Association 
of Consulting Engineers. For a number of years prior 
to the war he lectured on building subjects at Evening 
Institutes. He is interested in local government and 
has been a member of a local council. 


Gifted with quick perception and a lively wit, Mr. 
Andrews is a valued member of any Committee. These 
qualities, together with his exceptional grasp of detail, 
have made him an efficient chairman. To the office 
of President he brings a freshness of outlook and a 
likeable personality which cannot fail to win for him 
many new friends, or further to enhance the reputation 
of the Institution. 
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The Institution of Structural | 


Engineers’ Benevolent Fund 


TO ALL MEMBERS OF THE INSTITUTION 


The Council has been kind enough to permit me to use the columns of the Journal 
to communicate with you regarding the Institution’s Benevolent Fund, and in this connection 
I approach you as Honorary Secretary of the Fund and not in my official capacity as Secretary 
of the Institution, for on the subject of the Fund I feel there can only be a personal approach. 


The Benevolent Fund was instituted in 1936 when a great many of you were not as yet members 
of the Institution and I should like to take this opportunity so kindly provided by the Council 
to acquaint you with one or two facts about the Fund. 


At the end of the first year a sum of £311 stood to the benefit of the Fund. This has gradually 
increased until by the end of the year 1950 we have accumulated funds of £7,240, of which £6,763 
has been invested. Since 1936, we have distributed £1,344. It has taken fifteen years for the 
Fund to become established, although only im a small way, since the sum which we are enabled 
to dispose of annually in-relief is derived from interest on investments and annual subscriptions 
only and now approximates £838 per annum. 


I wish to take this opportunity of tendering to every member who has contributed, either by 
annual subscription or by donation from time to time, the very deep appreciation and thanks 
of the Committee of Management and myself, and I know that these supporters will continue 
to follow the dictates of their generous feelings. 


There are many of you, however, who may not have thought of contributing, or to whom the 
Benevolent Fund has not become known. To you I would appeal to give a thought to those 
who, because of advanced age or infirmity may not be able to exist without help in the present 
difficult times. The vicissitudes of life affect us all and any of us may leave those dear to us in 
greatly restricted circumstances. I feel that it is only necessary for me to bring to your notice 
the fact that the Fund needs building up to a much higher figure for you to respond in a very 
generous manner. 


Enclosed with this copy of the Journal are forms which provide for donations and annual 
subscriptions or for payments under a Deed of Covenant. The form of Banker’s Order may be 
used if convenient. The undertaking to subscribe for seven years under a Deed of Covenant 
(applicable to those resident in the United Kingdom and paying the standard rate of income 
tax) is of particular value as the Fund benefits by the refunding of tax, which at the 1951 rate 
of gs. 6d. amounts to approximately go per cent. of the subscription ; a subscription of £1, for 
example, realising a total sum of {1. 18s. 1d. 


Thanks to the Council of the Institution the administrative costs of the Fund are negligible 
since most communications are enclosed with Institution matters and, of course, all services of 
the Committee of Management and officials are of an entirely honorary nature. 


On behalf of all those who may benefit by your benevolence in the future I offer you my 
grateful thanks. 


R. F. MAITLAND, 
Honorary Secretary 
Institution of Structural Engineers’ 
Benevolent Fund. 
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Some New Developments 


in Prestressed Concrete” 
By P. W. Abeles, D.Sc., M.I.Struct.E. 


Synopsis 

Two ways of approach to prestressed concrete are 
considered, and results of research discussed. Recent 
tests carried out on composite partially prestressed 
bridge slabs by the Civil Engineer’s Department, The 
Railway Executive, Eastern Region, are described and 
some results of fatigue tests mentioned. The essential 
features of prestressed concrete are investigated by 
distinguishing five different cases of under-reinforced 
prestressed concrete beams and three classes of pre- 
stressed concrete (monolithic members with ‘bonded 
steel, monolithic members with non-bonded steel, and 
an assembly of blocks without adhesion at the joints 
and non-bonded steel). 

Designs of the five original bridges erected in 1949 
are discussed, and a later economic composite partially 
prestressed bridge deck design is described, which is 
being employed in the reconstruction of 14 railway over- 
bridges, 10 of which have already been completed. 
The paper also contains a short report on the manu- 
facture, supervision and erection of bridge decks. The 
application of partial prestressing to other designs is 
discussed. 

In a second group, three designs are described, which 
relate to the application of prestressed concrete to 
‘structures affected by mining subsidence, including a 
novel turntable foundation. 


Introduction 


In a report on tests!, published in the June, 1950, 
number of THE STRUCTURAL ENGINEER, it has been 
shown that prestressed concrete can be designed to 
act in any desired manner from an elastic material, 
‘similar to glass or cast iron with a brittle failure, to a 
plastic yielding material resembling reinforced concrete, 
but differing from the latter by its remarkable resilience. 
Because of these characteristics, and the possibilities of 
saving steel and expense, prestressed concrete has 
rapidly become of great interest to the structural 
‘engineer. Substantial evolution has taken place in 


recent years, although the basis for practical design was 


‘presented some 25 years ago. In the present paper 
‘some developments are discussed, with which the author 
‘is actively concerned. They fall into two groups, the 
an one relating to partial prestressing, and the other 
to constructions designed only for ultimate load con- 
ditions, as affected by mining subsidence. Partial pre- 
stressing was, until recently, a controversial and rather 
‘theoretical subject, but technical soundness has been 
proved by tests and its economic advantage by em- 
ployment in decks of road bridges over railways, two 
of which have already been built. 

- Most of the tests, designs and structures shown in 
th groups relate to work carried out by the Civil 
Engineer’s Department of The Railway Executive, 
astern Region (formerly L.N.E.R., Southern Area), 
uring 1944-51. The author would like to state that 


*Paper to be read before the Institution of Structural Engineers 
11, Upper Belgrave Street, London, S.W.1, on Thursday, 
ctobey 25th, 1951, at 6 f.m. 


the opinions and conclusions expressed in this paper 
are his own and should not be taken as the official views 
of the Railway Executive. The designs, however, by 
their application, are shown to be acceptable to the 
Railway Executive. 


I. The Development of Partial Prestressing 
(1) Two Different Ways of Prestressing Concrete 


There are two ways of approach to prestressed con- 
crete. One, called ‘‘full’’ prestressing, has been 
promoted by M. E. Freyssinet, the main point being 
that permanent compressive stresses should be intro- 
duced to counteract the tensile stresses under working 
load, thus creating a new homogeneous material under 
working load conditions, and allowing also a structural 
member to be assembled from individual blocks without 
any adhesion between them. If this idea is applied 
to a monolithic concrete member, the tensile resistance 
is ignored. As will be shown later, this neglect results 
in a difference between the actual behaviour of the 
material and that assumed. M. Freyssinet has pre- 
sented in his paper?, delivered in 1949, impressive 
examples of the practical application of prestressing 
for the promotion of which he has achieved so much. 
From his viewpoint, based on the idea of an assembly of 
blocks as, e.g., in an arch, he has emphasised the great 
importance of the “transformation ’”’ load, at which 
the tensile fibre of the structure ceases to be prestressed 
and becomes discontinuous, passing, as he states, from 
a zone of security to that of “insecurity.” This is 
correct only for members assembled from individual 
blocks and held together by tensioned ties, but does not 
agree with the actual behaviour of a monolithic concrete 
member with well bonded tensioned wires. 


The second method of approach considers prestressing 
as a development of ordinary reinforced concrete. This 
was first suggested in 1939 by the Austrian pioneer of 
reinforced concrete, the late F. V. Emperger, Hon. 
M.I.Struct.E.3, the aim being to save steel and to reduce 
the extent of cracking when using work hardened steel, 
thus improving reinforced concrete by _prestressing. 
All previous proposals, such as those by the Austrian 
Mandl, the German Koenen, and the Norwegian Lund, 
related to the creation of fully prestressed structures, 
but were unsuccessful since the tensioning stress in the 
steel was too low, and became soon ineffective. Emperger 
had in mind to have effectively prestressed wires added 
to the main reinforcement (in mild or work-hardened 
steel), these wires preferably being twin twisted, with 
transverse bars inserted, to increase their resistance to 
slipping. 

In ordinary reinforced concrete the permissible steel 
stresses are limited to avoid wide cracks which might 
develop if the steel extended throughout its full length 
between the cracks. This may occur with mild steel 
of large diameter embedded in weak concrete, when 
the bond is entirely destroyed in the region of the 
greatest bending moment. Thus, under working load 
conditions, cracks of 0.01 in. width may develop in a 
design using the present permissible steel stresses, 
which width may be considered as the permissible 
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limit to avoid corrosion. However, with increased bond 
resistance, the conditions are considerably improved. 
This enhanced adhesion is obtained by using (a) thinner 
reinforcing bars, (b) reinforcement with special in- 
dentations, or by twisted bars, and (c) concrete of 
higher strength. In 1935/6, the author carried out 
comparative tests on rectangular beams ?#, ®, reinforced 
with ordinary mild steel, and also with high strength 
steel having a yield point of approximately 42 tons 
per sq. in. (ultimate strength 63 tons per sq. in.), using 
weak and high strength concretes. These tests have proved 
that, with high steel stresses, the extent of cracking is 
greatly reduced if high strength concrete and bars of 
small diameter are employed. 


On the results of his tests, the author suggested in 
1940, a further development of Emperger’s idea by 
using throughout high tensile steel, part of which being 
tensioned and part untensioned, or by a later alter- 
native, the entire reinforcement being effectively 
tensioned to a lower degree. The main idea of this 
solution, called partial prestressing, was originally to 
make full use of the tensile resistance of the concrete 
and to permit the occurrence of fine hair cracks, but 
subsequently, it has become possible to adjust this 
principle in view of the actual behaviour of prestressed 
concrete, which has shown that such cracks need not 
necessarily occur, or become visible. The author’s 
proposal. to use the same high strength wire and the 
same tensioning: stress as employed with full pre- 
stressing, but to reduce the prestressing force consider- 
ably (e.g., to half the magnitude), was immediately 
denounced as an inadequate solution’, 8, since it was not 
realised that the extent of cracking is greatly reduced 
when a good bond is obtained. Statements made in’ 
regarding the tensile stresses have since proved to be 
incorrect, but at that time it was impossible to prove 
otherwise. For example, it was stated in’ that under 
a ‘‘ heavy ”’ concrete tensile stress of 923 Ib./in.? “‘ cracks 
under load are certain’ and that cracks occurring at a 
stress of 1,205 lb./in.? “‘ cannot be regarded as harmless.” 
Again, in paper’ it was even stated that at a concrete 
tensile bending stress of 771 Ib./in.? calculated in an 
example for partial prestressing “strong cracking 
existed,” and also that the author’s suggestions “‘ did, in 
fact, eliminate the greater part of advantages derived 
from Freyssinet’s processes, in exchange of imaginary 
other advantages.’’ In the controversy’ the author 
was told “that the provision of unstretched wires or 
rods in addition to the stretched wires or rods was 
proposed by M. Freyssinet as long ago as 1928, but not 
in the inadequate manner suggested by ”’ the author. 
However, there would be no advantage in adding 
unstretched wires or rods in connection with full pre- 
stressing, with its relatively large tensioned steel rein- 
forcement, the purpose of the untensioned wires accord- 
ing to the author’s proposal being to ensure the required 
factor of safety against b:caking, while the sectional 
area of the tensioned wires is reduced to the extent 
required for obtaining the desired effective prestress. 
The author concluded the controversy’ with the words, 
“It will depend on tests to prove whether my ideas are 
adequate from a technical point of view.’’ How far 
the author has succeeded in this is shown in the following. 


(2) The Justification of Partial Prestressing 


The author had to prove the suitability of his own 
suggestions by entirely new investigations. Emperger 
had discussed his ideas with the author, but the results 
of the tests reported in his book® were unknown to 
the author for some years. Preliminary comparative 
tests were carried out in London in 1942, and the results 
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' 
published in a paper®. These tests demonstrated the 
extraordinary resilience of prestressed concrete, and 
distinguished this material from ordinary reinforced 
concrete. This was supported by further tests, par- 
ticularly those published recently!®, supplemented by 
tests presented in this paper. 


The tests! and 1° and those presented in this paper 
have clearly proved that the author’s basic idea proposed 
in 1940 was correct. Moreover, it has been shown that, © 
in a prestressed high strength concrete, the stress at 
which fine cracks become just visible is much higher 
than that at which, according to paper® heavy cracking 
would have already occurred. In the criticism’ the 
author’s proposal was called “a compromise between 
ordinary construction and prestressing.’’ This idea is 
apparently held also by M. Freyssinet, who recently said 
“There is no half-way house between reinforced and 
prestressed concrete ; any intermediate systems are 
equally bad as reinforced structures or as prestressed 
structures and are of no interest.’’ This conception of 
partial prestressing as intermediate case between ordi- 
nary reinforced and fully prestressed concrete is errone- 
ous. Either a structure is effectively prestressed, then 
it 7s prestressed whether fully or partially, or the pre- 
stress has become ineffective, then it 7s not prestressed. 
Apparently partial prestressing is even yet not considered 
by M. Freyssinet as a “‘ correct ’’ kind of prestressing, 
since he says that the “misapprehension” of the 
discontinuity “‘ forms the origin of a number of erroneous 
ideas capable of doing great harm to the correct develop- 
ment of the idea of prestressing.’’ However, these 
sweeping statements are entirely contradicted by. the 
facts which he quite correctly expressed in the following 
statement, also taken from? : “‘ In a prestressed struc- 
ture, a load in excess of the transformation load is very 
clearly indicated by an exaggerated deflection, which, 
however, being completely reversible, brings no un- 
favourable consequences in its train.” 


The author must express his obligation to the criti- 
cisms’ and 8, in which his proposal was condemned as 
“ inadequate,’ thus being forced to prove the validity 
of his assumptions, which required extensive work and 
much trouble, but included interesting research. Partial 
prestressing is much too complex a problem to be solved 
on an entirely fundamental basis. While the new 
methods of physics offer a very interesting fresh ap- 
proach, special prolonged studies and knowledge of the 
modern development of theories concerning matter are | 
required. The elementary theory of elasticity is 
insufficient to explain the behaviour of material fre- 
quently showing inelastic properties. It is stated in ¥~ 
“ Too often in engineering practice an attempt is made 
to interpret the mechanical behaviour of real materials 
solely in terms of elastic theory rather than to consider 
the nature of the material and its actual response to 
forces as the manifestation of its heterogeneous internal 
structure.’’ Mr. Freudenthal suggests this more funda- 
mental approach in the research of the behaviour of 
materials based on the laws governing the formation of 
matter from particles and larger structural elements” 
at different levels of aggregation. This approach 
derived from the recent developments of physics, 
considers the individual crystals formed from atoms, 
ions or molecules, and is certainly most interesting but — 
still requires much study and seems particularly difficult — 
to apply to a combination of two heterogeneous materials 
each of which would have to be studied separately 
before their combined action under specific conditio 
could be investigated. In these circumstances the 
actual test, preferably on full size specimens, seems t 
be more convincing, leading more quickly to results by 
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ing “‘ ocular proof ”’ of particular properties. It will 
De seen in the following that these tests have established 
he technical adequacy and economic superiority of 
yartial prestressing. 


The author would like to acknowledge with gratitude 
he understanding which he received from the Railway 
executivel”, and particularly from the Civil Engineer 
yf the Eastern Region!®. The author appreciates highly 
he encouragement he received from Professor R. H. 
m@yans'*, Professor G. Magnel!*, 15, and Dr. F. G. 
[Thomas'®, The first publication particularly recognises 
he adequacy and economy of partial prestressing. 
[hus it has been possible to incorporate the essential 
deas of partial prestressing in the “ First Report on 
Prestressed Concrete ’’ prepared by an ad-hoc Commit- 
ee, of which Committee the author was a member. 
it may be stated that the development of partial pre- 
tressing according to the author’s proposals, using 
1igh strength wire, is so far limited to Great Britain and 
will have to be introduced into other countries. 


Before discussing the essential features of full and 
yartial prestressing in detail, various investigations and 
ests are explained, which lead up to the full inter- 
retation of prestressing. After dealing with these 
nore theoretical considerations, the development of an 
sconomic bridge design is shown. Some bridges are de- 
cribed, including manufacture and erection. Some other 
lesigns are then discussed. 


3) The Importance of High Bond Resistance 


The magnitude of the bond resistance is of great 
nfluence upon the extent of cracking. In 1933/35, the 
withor had an opportunity of carrying out extensive 
ests upon spun concrete members!’. They were 
einforced with high carbon steel of a strength of 63-70 
ons per sq. in., and the concrete had a high degree of 
lensity and strength due to centrifugal moulding. A 
ery good distribution of cracks with limitation of their 
vidth occurred, which indicated that increased adhesion 
vas of great importance. The purpose of these tests on 
ectangular beams!, ®, mentioned before, was to investi- 
sate whether this high strength steel could be employed 
mn reinforced concrete. Three kinds of high strength 
oncrete were tested with three different percentages 
f reinforcement, and weak concrete with two per- 
entages, as indicated in,Table I. For each of the 

types of beams, four specimens were tested. In the 
4 the mean values of the results are shown for 


tmax tmax 


andr, = ; 
‘ ty tut 

whereby tmax is the calculated steel stress obtained in 
he conventional manner, for failure load, ty is the 
field point stress, and tuit is the ultimate steel strength. 


ch beam by the ratios of r, = 


It is seen that with weak concrete!, the calculated 
teel stress tmax exceeds the yield point only for the 
Ower percentage, whereas with the high strength 
soncrete, tmax is in all cases greater than ty, and with a 
Ow percentage and a small diameter bar, even ap- 
oaches the ultimate strength, although the steel has a 
finite yield point stress, the ultimate extension of 
el being up to 20 per cent. From these results it is 
sn that with bars of 5/16 in. and even 15/32 in. 
ameter, apparently a high degree of adhesion is 
tained, provided these bars are well embedded in 
gh strength concrete. Instead of a few wide cracks, a 
eater number of fine cracks developed. The average 
rain in the steel, measured over lengths of approxi- 
tely 4 in., was considerably less than the calculated 
Jue, and thus the bond between steel and concrete 
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must have remained intact except for the immediate 
vicinity of each crack which was in good agreement 
with the limited extent of cracking. Similar sfects 
were obtained with work-hardened steel, 1s shown in 
the papers!® and 1%. In these tests, not only did the 
calculated steel stresses exceed the ultimate steel 
strength in many cases, vut failure occurred in individual 
cases by fracture of the steel, which proved the high 
extent of adhesion. In the discussion of paper!® the 
author has given an interpretation for the excess of the 
calculated steel stress over ultimate strength by com- 
parison withthe stress concentration in notches of 
steel bars. 

Recent tests may be mentioned, which were reported 
in the lecture!®. It was possible to load beams up to 
the fracture of the tensile reinforcement of high strength 
steel comprising wires gauge 12 of a strength of 120 tons 


tmax 


per sqv im the vatio=r.— indicating the 


tut 
efficiency being I.09. 


(4) Preliminary Comparative Tests on Prestressed 


Concrete 


Hoyer”? published results of comparative tests on 
four sets of beams of the same cross section, using 


piano wire of an ultimate strength of 165 tons per 


sq. in. In each case, the ultimate load was nearly the 
same, although the initial prestress varied in these 
four series between 6.35, 25.3, 50.6 and 76 tons per sq. in. 


Emperger published in ® test results on four sets of 
beams of rectangular and T-shape of low strength 
concrete (3,200 to 3,550 lb. per sq. in.). Some of these 
beams were reinforced with mild steel having a yield 
point of 17.1 tons per sq. in. and some with work- 
hardened Tor-steel of an equivalent yield point of 
25.4 tons per sq. in. Emperger combined in one set 
95 per cent. of mild steel with 5 per cent. of wire rein- 
forcement, and in the other three sets, 81, 64 and 
58 per cent. work-hardened Tor-steel with 19, 36 and 
42 per cent. wire reinforcement respectively. The wire 
had an ultimate strength of 95 tons per sq. in., and a 
yield point of 76 tons per sq. in., but the initial tensioning 
stress was as low as 25.4 tons per sq. in. Failure 
occurred when approximately the yield point in the mild 
steel or Tor-steel and the ultimate strength in the wires 
were reached; in two of the series the wires really frac- 
tured at failure. 


Professor Evans carried out other comparative tests”! 
whereby two sets of beams were compared, one haying 
wire reinforcement, and the other high strength steel 
rods. Five different cases were established for each set, 
by providing four prestressing forces of different magni- 
tude, the fifth set being non-prestressed. In the four 
cases the entire reinforcement was tensioned uniformly. 
In one alternative, with rod-reinforcement, having the 
highest prestress, the bond was intentionally destroyed 
beforehand, and thus the different behaviour compared 
with the bonded solution. The non-bonded beam had a 


much greater deflection, since the rods could extend over 


the entire length, again proving the beneficial influence 
of bond. In addition, these tests showed that it is 
possible to find any convenient intermediate case where 
the deformation and cracking is limited to a definite 
extent. This is, in fact, in accordance with the author’s 
original proposal of partial prestressing. It can be 
done either by tensioning the whole reinforcement to a 
lesser degree than necessary for full prestressing, as in 
the tests by Prof. Evans, or by tensioning some of the 
wires to a high initial prestress, the other wires remaining 
untensioned and being pre-compressed at the release of 
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the tensioning force on the concrete, which alternative, 
in the author’s opinion, is preferable. 


In view of the high bond resistance between high 
strength concrete and thin wires, as pointed out at the 
end of Section 3, the author expected that the co- 
operation of tensioned and untensioned wires would be 
satisfactory, and would even restrain the elongation of 
non-bonded ties. Reference may be made to com- 
parative small-scale tests on fully, partially and non- 
prestressed beams of the same cross section and wire 
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Professor Magnel carried out a test on a beam, in 
which, very probably for the first time, this idea was 
applied to post-tensioning! and 1°. Half the wires 
were untensioned and bonded, whilst the other half 
were post-tensioned and not bonded. 


(5) L.N.E.R. Beam Tests on Prestressed Concrete 
Sleepers 


In 1946 extensive beam tests were carried out by the 
former L.N.E.R. under its Chief Engineer, Mr. J. C. L. 


reinforcement, in the partially prestressed beams Train, M.I.C.E., on prestressed concrete sleepers, some 
tmax tnax 
TABLE 1.—Ratios r, = and r,= 
ty tut 
Tests on Rectangular Beams 1935/36 : tut = 63.5 — 70.3 tons per sq. in. 
All beams were under-reinforced except that marked thus *. 
Percentage Diameter | Concrete (1) Concrete (2) Concrete (3) Concrete (4) 
of of | ty Cy. ==a2 200 C= 6300%% Cy =. 03004% Cy) = — S400 
steel p. bars | | 
| tons |} Cy = cube’ strength in Ib. per sq. in 
Te in. . per ; _— 
a} . 
| sq. in. iy | Te 1) ee | Ti 1 Gr ca 
| | " ; 
0.38 5/16 | 42.5 Eel 5 ete O70 51 OnOT, Wilkie masa 0.93 1.53 0.92 
0.85 15/32 | 38.6 On/83 50 au On 4 Oe .26 0.73 1.43, 0.83 1.42 1) O.6H 
| 
1.50 5/8 | 40.5 | — | — .20 0.73 Dink 0.71 1.20 0.73 
| | 


| 


**The tensile strength of concrete (3) was much higher than that of concrete (2). 


Sié DIA.M.S. 
VERTICAL LINKS 


ADDITIONAL CONCRETE 


PRECAST 
PRESTRESSED BEAMS 


2 N° 0-2 DIA. TENSIONED 


12 N° 0-2"DIA. UNTENSIONED 
: H.T.WIRES PER BEAM 
“SIBN? O-2’DIA. TENSIONED 
H.T. WIRES PER BEAM 


Fig. 1—Cross Section of Test Slabs S1-S4 


40 per cent. of the wires being tensioned. These tests 
were conducted in collaboration with Dr. K. Hajnal- 
Konyi at R. H. Stanger’s Testing Institute, London, in 
1942°. Although the concrete strengths were not the 
same in the various beams, and thus an exact com- 
parison was impossible, the tests proved that the 
author’s suggestions were sound, and they showed, in 
particular, the high degree of resilience, not known to 
the author previously. However, before practical 
application of this idea, still further tests were necessary 
to investigate the behaviour of partially prestressed 
concrete, both before and after cracking. 


of which had been in the track for 2} years™. 
The sleepers were loaded as simply supported beams, 
two point loads acting upwards, as indicated in Fig. 8 
of 23. The cycle of loading was to increase the load to 
somewhat above half of the ultimate load, then to 
reduce it nearly to zero, increase it again to 70 to go 
per cent. of the ultimate load, to reduce it again nearl 
to zero and finally to increase it until the sleeper failed. 
From the prestressed concrete sleeper tests”*, the con- 
clusions were drawn : é 
that (1) in constructions in which repetition of the 
maximum load occurs including impact (such as aia 
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jiderbridges, sleepers, and certain factory floors), the 
jlevelopment of any cracks ought to be avoided and 
imly compressive stresses should be allowed at present 
ander working load, and that (2) in constructions in 
which the maximum load occurs only occasionally 
\such as road bridges, poles, roofs, or certain floors), 
zominal tensile bending stresses of 600 to 1,200 lb. per 
gq. m., and even more, may be considered as per- 
missible provided that, under dead weight, concrete 
tensile stresses do not occur. 


(6) Loading and Breaking Tests on Full Size 
Bridge Beams, 1949 

Based on the tests in Section 5, the first beams were 
designed and employed as part of a composite con- 
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IN INCHES 
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Checking tests were carried out as a routine control on 
all bridge contracts. One beam of each batch manu- 
factured on the same bed was tested to a load corres- 
ponding to a concrete tensile bending stress of 750- 
800 Ib. per sq. in. At this loading cracking should not 
occur and the deflection should not exceed a value 
calculated for E = 3.75 x 108 Ib. per sq. in. Although 
this might be considered as a very severe test, all beams 
tested in four contracts passed the conditions ; in fact, 
the measured deflection corresponded in most cases to 
E-values between 5 x 108 and 6 x 108 lb. per sq. in. 
By these routine tests good quality of the concrete and 
the required safety against cracking has been ensured. 
In one case the load was maintained for 30 days without 
any cracks developing under this tensile stress. During 
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struction, which will be discussed in more detail later. 
These beams were designed for permissible tensile 
stresses of 500-600 lb. per sq. in. under the maximum work- 
mg load, and no cracking is expected under this loading. 


Tests on three full size beams have been described in 
detail in paper’. The purpose of these tests was to 
sive the basis for supervision of manufacture and to 
Ibtain special information for proposed developments. 
The relatively small cost of these tests was only a 
action of the immediate saving obtained by application 
f the results to the design of the deck construction 
: Ig railway overbridges being built on the Eastern 


’ 


‘egion of British Railways as partially prestressed 
omposite slabs. 


Fig. 2.—Test on partially prestressed composite slab S3 at Shorne on June 6th, 1951; load deflection curves 


this time the total deflection increased from 0.768 in. to 
0.856 in. after 5 hours, to 0.884 in. after one day, to 
0.958 in. after six days, and to 1.327 in. after 30 days, 
the measurements being taken daily, and the nominal 
E values, corresponding to the total deflection, varied 
between 5 X 108 and 2.8 x 10® Ib. per sq. in. 


(7) Breaking and Fatigue Tests on Partially Pre- 
stressed Composite Slabs S1-S4 of 21 ft. Span, 
1951 

In the tests for composite beams Ti and T2?° separa- 
tion took place between the prestressed and the added 
concrete at a stage when steel and concrete were appar- 
ently still capable of carrying higher loads. It was, 
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therefore, decided to test slabs formed from two bridge 
beams, as shown in Fig. 1. The additional concrete 
was in these cases placed not only around the pre- 
stressed beams as with beams Ti and T2, but also 
between the prestressed beams, as is the case in the 
actual bridge deck construction. Two of such slabs 
(S3 and $4) were tested statically by Mr. R. H. Stanger 
at the factory of Atlas Stone Co., Ltd., at Shorne, near 
Gravesend, as part of a bridge contract let by the Civil 
Engineer, Eastern Region, B.R., and two other slabs 


ese 


Fig. 3.—Slab S3 at loading of 30.55 tons 


(St and S2) were tested dynamically by Professor F. 
Campus’ Laboratory (Université de Liege—lInstitut du 
Génie Civil) at Liége, Belgium, on behalf of the Railway 
Executive and their Research Department. 

The beams Nos. 1-4 for the slabs S1 and S2 were cast 
on March 2goth, 1951, at Shorne, by the Atlas Stone 
Co., Ltd., and made in rapid hardening Portland cement. 
The beams 5-8 for the slabs $3 and S4 were manufactured 
on April 16th, 1951, with sulphate and acid-resisting 
“Sealithor ’’ cement, which is now being used for the 
bridge deck constructions. The mix of the concrete 
in all beams was I : 1.25 : 2.5 by weight with a water- 
cement ratio of 0.38-0.40. The aggregates obtained 
from local pits, washed and crushed, were graded from 
BS 100 to in. The composition of the added concrete 
for slabs S1-S3 was the same as that for beams Nos. 1-4, 
and cast for Sr on April 19th, S2 on April 2oth, and 
$3.0n May toth, 1951, but the added concrete in slab S54 
was made of a much weaker mix in order to obtain a 
smaller strength, the vibrated concrete being of a mix 
of I : 3.4: 5.1 by weight (water-cement ratio 0.88), and 
cast on May 16th, 1951. The tensile reinforcement of 
these slabs comprised 60 cold-drawn high tensile 
wires of 0.2 in. diameter, 36 of these wires were 
initially tensioned to 150,000 Ib. per sq. in. (2.1 tons 
per wire) after a force of 2.2 tons per wire had been 
temporarily applied to offset creep of the steel. The 
remaining 24 wires were untensioned and placed in 
pairs, except for the outer wires, which were arranged 
singly to suit slots as shown in Fig. 1, provided for 
fixing strain gauges. The strength of the wire was 
reputed to be of a guaranteed minimum of I00 tons 
per sq. in., but tests carried out on specimens indicated 
a strength of only go to 95 tons per sq. in. for the wire 
used for the dynamic tests, while the strength of the 
wire used for the static tests varied between 95 and 
107 tons per sq. in. In addition to the high tensile 
wires, ordinary steel bars were placed near the top 
similar to the mesh which is usually provided in bridge 
deck constructions to 223u-e a good load distribution ; 
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similarly transverse bars were placed through holes of 
the web and connected with the upper mesh, as indicated 
ible. Ts 

As with the beams Tz and T2, described in paper 12, 
the prestressed beams were simply supported when the 
non-prestressed concrete was added, resulting in effective 
concrete stresses at the fibres 1-4, as indicated in Fig. 2, 
for slab S3, the prism strength being 4,300 lb. per sq. in. 
In the load-deflection diagram, Fig. 2, are plotted the 
nominal concrete stresses f, and fs, calculated for a 
homogeneous section and the average steel stress ¢ 
calculated for a cracked section under failure conditions, 
similar to Figs. 7 and 10 in paper!®. Although this 
stress ¢ is obtained for a rectangular concrete stress 
distribution under failure conditions, the lever arm 
will hardly differ from that occurring for other stress 
distributions. Thus, this stress ¢ approximates the 
steel stress in a crack also at a much lower loading. The 
exact stress distribution within a crack of a prestressed 
concrete construction is not known and depends greatly 
on the bond efficiency of thin wires. Consequently it is, 
at present, only possible to illustrate it on the one hand 
by the steel stress ¢ in a cracked section calculated for 
ultimate load conditions and, on the other hand, by the 
magnitude of the nominal concrete tensile stress /,, 1.e., 
the stress which would occur in a straight line stress 
distribution assuming the section to be still homogeneous. 

The calculated cracking load, at which a tensile 
bending stress of 1,000 Ib. per sq. in. is obtained for fy 
amounts to 15.75 tons, but the first cracks were not noticed 
before the load of 16.25 tons, after visible cracks 
were not noticed at a load of 15.75 tons. As with tests 
Ti and T2, no cracks in the added concrete were observed 
even with a Brinell microscope, although the tensile 
stresses /, are higher than /, at that stage. However, from 
the enlarged load deflection curve which is shown in 
dotted line in Fig. 2 it is seen that just before visible 
cracking a considerable increase in deflection occurred, 
which indicates that invisible cracks may have developed, 
as stated by Professor Evans}, 24, and already mentioned 
in paper 1°. It can be taken from Fig. 2 that the load 
at which visible cracking commenced, was approx. 


Fig. 4.—Slab S4 on removal of load of 24 tons ; 


16 tons, corresponding to respective concrete tensile 
stresses f, = —1,050 and fs = —1,170 lb. per sq. im 
With a high powered microscope cracks might have been 
detected earlier ; but this is of no practical significance 
whatsoever, since even haircracks of limited width are. 
harmless. ‘ 

For a maximum mean tensile stress of 100 tons per 
sq. Im. corresponding to an average tensile strength of 


the wire, and a maximum concrete stress of 4,300 Ib. 


{ 


gs 


October, 1951 


’ 


sr sq. in. obtained from prisms, the calculated failure 
ad amounts to 31.3 tons, while the actual value was 
otons. At a loading of 30.55 tons, shown in Fig. 3 the 
laximum extension of the jack was reached and the 
ad had to be reduced to underpack the jack. Failure 
occurred after considerable yielding of the slab, the 
immediate cause being crushing of the concrete com- 
pression zone. After the commencement of crushing 
the concrete, a separation took place between the 
prestressed and added concrete in the fibre 3 at one side 
of the slab. 

DEFLECTION 

IN INCHES 


ENLARGED CENTRE PART OF 
SLAB WITH STATE OF CRACKING 
BEFORE FATIGUE TEST. 
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failure crack. The bending moment at the point of 
failure was only approx. 93 per cent. of the maximum 
value between the loading points. Thus there must 
have been a weaker part in the added concrete with 
the greatly reduced cement contents. When a second 
loading was applied after failure similar to beam Pr 
of paper 1°, a maximum load of 25.75 tons only was 
reached, when a heavy inclined shear crack developed 
adjacent to the site of the previous compressive failure, 
which crack continued horizontally in the bottom 
portion and went over a certain length right through 
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‘In the second slab $4 of the static test with the 
eaker concrete visible cracks were noticed at a load of 
75, while the value calculated for a modulus of rupture 
ies between 14.58 and 15.75 tons, computed for a 
tio of 1.25 to 1.0 of the moduli of elasticity of the two 
pes of concrete employed. The failure load calculated 
for a mean steel strength of 100 tons per sq. Im. and a 
oncrete stress of 3,000 Ib. per sq. in. amounts to 31.5 
tons, while at a load of 27 tons a slight destruction of the 
ompressive zone outside one of the loading points 
curred, together with a limited separation between 
restressed and added concrete in fibre 3 next to the 
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7 Test on partially prestressed composite slab SI at Liege; load-deflection curves of failure test on 
a June 18th, 1951 


the prestressed flange at one side of the slab, where a 
separation between prestressed and added concrete had 
not taken place. Fig. 4 shows slab S4 after a load of 
W = 24 tons, previously applied, had been removed. 
Fig. 5 is the load deflection diagram of a failure test 
carried out on slab Sr tested for fatigue resistance at 
Liége. The purpose of these dynamic tests was to 
investigate the behaviour of a partially prestressed 
bridge deck construction designed for concrete bending 
tensile stresses of 500 to 600 Ib. per sq. in. under working 
load. Although no cracks ought to occur, even if the 
maximum working load were applied under fatigue 
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conditions, it was considered possible that excessive 
loads might occur occasionally, resulting in the develop- 
ment of cracks. It was argued in some quarters that 
such cracks would be detrimental if the maximum 
working load were applied subsequently under fatigue 
conditions to a cracked section designed as homo- 
geneous for a tensile stress of the order mentioned. 


Fig. 6.—Slab S2 after 3 million repetitions before static 
failure test 


The prestressed concrete beams Nos. 1-4, for slabs 
Si and S2 were cast on March 2ogth, and the initial pre- 
stress was less since at tensioning a total prestressing 
force of approx. 18 & 2.1 = 37.8 tons only was applied 
instead of 20 x 2.1 = 42 tons, and a stress /, of approx. 
1,320 lb. per sq. in. was effective, when the slab was in 
inverted position B, indicated in Fig. 5. At the failure 
test the prism strength of the added concrete cast on 
April 19th for slab Si was approx. 5,950 lb. per sq. in. 
when tested on June 18th, and that added on April 2oth 
for slab S2 was 6,150 lb. per sq. in. on July 3rd. The 
slabs were first cracked by a static loading and after- 
wards a fatigue test was carried out in accordance 
with a prearranged sequence. The slabs were tested 
in inverted position with upward acting loads, as seen 
from the photograph, Fig. 6, showing slab S2 in the 
testing machine before final failure. 

Slab Sr was tested to failure on June 18th, 1951, 
after one million repetitions of loadings had been 
completed. The ultimate load calculated in this case 
for a maximum steel stress of 95 tons per sq. in., in 
accordance with the actual strength, amounted to 
36.3 tons, while the actual maximum load was 34.9 t. 
(35.5 m. t.), corresponding to 96 per cent. of the maximum 
steel stress, the bending moment due self-weight being 
taken into account. 

The slab S2 was broken on July 3rd, 1951, after 
three million repetitions of fatigue loading had been 
completed, the third million being carried out in a range 
between nominal tensile stresses in the beams of 300 and 
goo lb. per sq. in. based on forces:in the jacks. Thus 
during this last million of repetitions there was a con- 
tinuous tension in the concrete, the cracks widening 
four times per second, but not completely closing. 
During this period two outer tensioned wires fractured 
where exposed for 4 in. length in slots provided for 
affixing gauges. Nevertheless a slightly higher failure 
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load (36.1 m. tons) was obtained than with slab Sr 
reaching 101 per cent. of the resistance calculated for 
the prism strength and 58 wires, the deflection being 
over 6 in., as seen in Fig. 7. This proves that fatigue 
does not affect well bonded wires in prestressed concrete 
up to 0.2 in., whether they are tensioned or untensioned, 
the full strength of both types being reached at failure, 
though the same wire failed, under fatigue conditions 
at approx. half the load where not bonded. Thus the 
ultimate resistance of under-reinforced prestressed 
concrete with bonded wires is not affected by fatigue. — 

These severe tests have also proved that if cracks 
have occurred in prestressed concrete and open under 
subsequent loading, they will close completely on 
removal of the load, even if the loading is repeated 
one million times. Thus the claim of the opposers of 
partial prestressing, who state that even the occasional 
occurrence of fine cracks is dangerous, is shown to be 
wrong. A complete report is expected in due course 
from the Research Department of the Railway Execu- 
tive. 


(8) The Essential Features of Prestressed Concrete 


From the tests discussed in the previous sections, it 
is seen that the effective prestressing of concrete, 
independent of the magnitude of the prestressing force, 

produces a material which behaves quite differently 
from ordinary reinforced concrete, since, even after it 
'has been damaged by cracking, it retains complete 
| elasticity and resilience, up to a loading approaching 
failure. This phenomenon distinguishes prestressed 
concrete from any other material. 

Fig. 8 shows a series of load-deflection curves plotted 
in an idealised form for a simply supported beam having 
bonded tensioned wires. The concrete bending tensile 
stresses, computed for a homogeneous section, aré 


Fig. 7.—Slab S2 after failure 


plotted in addition to the loads. The curves show tha’ 
at the load W, the initially compressive fibre stres: 
becomes tensile, and at the load W, (suffix y for rupture 
first cracking occurs. Up to this load W,, the deflection 
curve is in agreement with calculated values for 
homogeneous section, computed with Ee = 4 x 108 t 
6 x 108 lb. per sq. in., dependent upon concrete quality 
and shape. If the load exceeds W;, the deflection 
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ipproximates, in principle, to that of an ordinary 
reinforced concrete beam calculated for a neglected 
tensile zone and m = 15. As long as the load only 
slightly and rarely exceeds W,, the rather fine and short 
cracks become invisible on reduction of loading below 
that giving stresses equivalent to the modulus of rupture 
of a homogeneous section in spite of the previous dis- 
tupture of homogeneity. However, after repeated or 
sustained loading the deflections increase, but still as a 
straight line Be Onde to a lower modulus of 
ey of, say, Be = 2.5 X 108 to 4 x r0® lb. per 
sq. . Exact intermediate measurements result in 
Be erecs curves between the two limiting lines. When 
the load exceeds W; to a greater extent, the cracks 
become more distinct, opening and closing below W, and, 
finally, only at Wo,a loading at which the tension in the 
concrete bottom fibre reverses into compression. At this 
condition, the pre-compression which was previously 
interrupted in the cracks, reasserts itself along the 
tensile zone of the beam. The phenomenon of cracks 
becoming invisible at loadings between W, and'W,, as 
indicated in Fig. 8, may be explained by the minuteness 
of the cracks. Obviously, this applies only if the 
tensioned wires are well bonded to the concrete. Where 
the member consists of blocks with tensioned ties 
without mortar joints, the latter will open as soon as 
the load exceeds Wo, and close at this loading on reduction 
of the loading, but only if permanent elongation does not 
temain in the steel, which in this case, is allowed to 
extend during loading along its entire length. 


From Fig. 8, the importance of bond can be recog- 
mised. To avoid cracks in an assembly of blocks 
without mortar joints it is essential that the load W, 
is not exceeded, whereas with well bonded wires an 
occasional load exceeding the much higher value W, 
does not prevent full freedom from cracks as soon as 
this loading has been reduced. 

The modulus of rupture, or flexural strength cr 
Tequires clarification. The expression “‘Strength”’ is 
not quite appropriate since c; is only a nominal and 
quite arbitrary stress, calculated for a homogeneous 
section. The modulus of rupture varies for different 
concrete strengths and plasticities and depends also 

m the shape and size of the cross-sections. It amounts 
to about 1.5 to 2.25 times the tensile strength ct. 

The value of c: is itself difficult to ascertain. In 
extensive tests®> the tensile strengths of 200 to 530 lb. 
a sq. in. have been obtained at various ages for con- 

eretes with cylinder strengths of 1,500 to 8,000 lb. per 
sq. in. respectively. The highest values were rather 


rength exceeding 500 Ib. per sq. in. is unusual, even 
with concretes of the highest strength properties. On 
the basis of the test results in paper ” the following 
approximation for the tensile strength c: may be given : 


1O;000 .—— Cun \-2 
—itog0 -(-—— X 330 
8,000 


‘his formula gives results for a 28 days’ cube strength cu 

7,500 lb. per sq. in. of c: = 427 lb. per sq. in. 

_ As already stated, it is difficult to measure the tensile 
rength. Tests on briquettes of a cross section I.5 x 

5 have shown great uniformity, but too high values 

re obtained due to the stress concentration. With 


The appropriate value for rectangular sections may be 
aken as 950 to 1,000 Ib. per sq. in. The value for an 


infrequent and it may be assumed that the tensile » 


ibe BD cyclte of ae seany 7,000 Ib. per sq. in~ 
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I-section lies between these two values, and that for 
an upright T-section is smaller than that for a rectangle. 

With regard to sustained loading, the prolonged test 
mentioned in Section 6 has proved that cracking did 
not occur when a load was maintained for 30 days, 
which corresponded to a tensile stress approximately 
75 per cent. of the modulus of rupture, and at this 
stress cracks should not develop if the duration of 
loading is extended indefinitely. From research data, 
it is known that the tensile resistance to fatigue loading 
of plain concrete amounts to 50 to 60 per cent. of the 
tensile strength at static loading. With prestressed 
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Fig. 8.—Typical load-deflection curves of a 
prestressed beam with bonded wire 


concrete the resistance is greater than with plain con- 
crete, the ratio of cracking load in dynamic tests to 
that in static tests being 85 to go per cent., as stated 
in paper 16. Thus, repeated loadings up to the maxi- 
mum working load are expected not to cause cracks 
when the maximum bending tensile stress does not 
exceed 600 to 700 Ib. per sq. in., whereas for sustained 
maximum working load the appropriate stress would 
be 750 lb. per sq. in. for a modulus of rupture of 1,000 Ib. 
per sq. in. 

When considering failure, two cases must be dis- 
tinguished with bonded steel, viz., under-reinforced and 
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over-reinforced beams. In the first case, failure is 
primarily caused by steel after considerable deflection 
has occurred, either by fracture of the tensile reinforce- 
ment or by excessive yielding of the beam, which leads 
to reduction of the depth of the concrete compressive 
zone, and to consequent crushing. With an _ over- 
reinforced beam, failure always occurs through limited 
compressive resistance at a stage when the deflection 
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Fig. 9.—Load-deflection curves for under-reinforced 
prestressed concrete beams with bonded wires 


and state of cracking do not give warning of danger. 
The optimum condition would be a balanced design with 
equal tensile and compressive resistance. However, 
it is hardly possible to calculate the balanced design 
without knowing the exact properties (strength and 
plasticity) of the concrete in relation to the shape 
selected. Thus, it is advisable to use, wherever possible, 
under-reinforced sections, and make safe assumptions for 
the stress distribution of a balanced design, so as to 
avoid over-reinforced designs. The tests described in } 
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material, such as glass or cast iron. With case 2, which 
is a fully prestressed beam, a small range is afforded 
between the state of noticeable cracking and deflection 
and that of failure. When cracking takes place, a 
considerable change in the slope of deflection occurs, but 
this “‘ transformation ’’ does not become noticeable to 
the observer before both deflection and cracking have 
reached an appreciable amount, as indicated in the 
graph. Case 3 is a partially prestressed beam in which 
full freedom from cracking is ensured under working 
load, provided the concrete tensile bending stress is 
below the modulus of rupture. In this instance, the 
warning range between noticeable deflection and failure 
is larger than in case 2. This warning is further increased 
with case 4, representing a partially prestressed beam 
in which temporary fine cracks may develop under the 
rarely occurring maximum working load. These cracks, 
as previously stated, would close completely under 
normal loading, provided that only compressive stresses 
occur at that stage even if the loads did not occur 
occasionally but repeatedly. Case 5 of an under- 
prestressed or non-prestressed beam may be considered 
as undesirable. With this type the deflection and 
amount of cracking could easily become excessive under 
working load, although in such a case, heavy cracking 
could be avoided by partial prestressing. In the graph 
points C.C. represent the commencement of cracking. 
At a load PD permanent deflections occur, whereas 
failure is indicated by the loads Ff, to F;. The slope 
of the line F,-F,-F,-F-,F, depends on the. relative 
strength of steel and concrete, and particularly on the 
bond resistance. With low percentages, this line may 
become vertical. However, in case 5, the steel stress 
at failure may be less than fuit. 


Fig. g relates to both prestressed and compa 
members, in which only a part is prestressed. These 
five cases correspond to the boundaries between the 
individual types mentioned in the “ First Report on 
Prestressed Concrete.”’ 

In Table II the conditions for these five cases are 
summarised. Cases 1 and 2 are seen to be the boundaries 
of the solution which originates from M. Freysinnet’s 
idea of creating a new homogeneous material which can 


TABLE II.—Summary of Five Cases of Fig. 13 


Condition at W.L. Bottom Fibre Stress at W.L. in Commencement | Kind of Range between : 
No. (Working Load) a nominal Homogeneous Section of Cracks | Failure | Noticeable Deflection | 
| | and Failure 
| | Sudden 
| Compressive Considerable At Failure | and Brittle None 
i | Stress. |— ——— 
—| No Cracks Approaching Much 7s.) . Rather Small 
2 Zero Above 
3 Below Above _ Gradual Large 
a Working and 
4 Fine* Cracks Tensile Above M.o.R Below Load Yielding Larger 
Stress ——_—_——__———_ ff" 
5 Heavy Cracks Much Much Very Large 
Above Below | na 
' = | | 
*They close up entirely on removal of the load. +M.o.R. = Modulus of Rupture 


have proved that the approximate design for failure 
conditions suggested by the author in 7 and 4, is 
appropriate for under-reinforced beams. 

In the idealised diagram Fig. 9, five cases of under- 
reinforced prestressed concrete beams are compared. 
In case 1, which may be called over-prestressed, cracking 
and failure take place simultaneously, as with a brittle 


also be built up from blocks, whereas cases 3 to 5 orig- 
inate from the approach via reinforced concrete. When 
considering prestressing, three different classes of 
material should be distinguished and each class treated 
differently, viz., (a) monolithic material with pr 
tensioned wires or post-tensioned effectively bond 
wires ; (b) monolithic material with post-tensioned no 
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bonded wires ; and (c) non-monolithic material (assembly 
of blocks without mortar joints), and post-tensioned 
wires. Class (c), designed as fully prestressed, is based 
on the same principles as case 3, partially prestressed, 
which is censured as being bad design by the advocates 
of full prestressing. In fact, there is no justification 
whatever for ignoring the established tensile strength 
of concrete which is available in class (a) because of the 
fact that there is no tensile resistance in class (c). 


The graph of Fig. 9 relates to.bonded wire ; in the 
‘case of non-bonded wires there is, firstly, the main 
difference, that instead of many well-distributed cracks, 
-a.much smaller number of isolated cracks occur, which 
‘become much wider. Secondly, dependent on the 
‘stresses, the steel extends over the entire length, with 
‘the consequence that failure occurs earlier and suddenly. 
‘Particularly, if the tensioning stress in the steel is low, 
failure occurs at a relatively low steel stress. The 
essential differences between prestressed concrete with 
bonded and non-bonded steel was, for the first time, 
clearly indicated by Prof. Evans in 21. 


(9) The Design of Pre&Stressed Concrete based on 
‘Test Results 


In view of the. previous consideration, it is seen that a 
straight line stress distribution for a homogeneous 
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tensile resistance and the lever arm in a cracked section. 

The author has derived design formule in his book?3, 

of which the following formula (1a) may be quoted :— 
My — Ro.Ms 


F Ro.fet + Siw 
whereby fet is the permissible concrete compressive 
stress at transfer, and ftw the tensile stress under working 
load; Z, is the section modulus for the bottom fibre, My 
and M,are the bending moments for working load and 
self-weight of beam respectively, whereas R. is the ratio 
of the minimum effective prestress to the stress at 
transfer (which has been denoted by ). It is seen that 
the denominator contains the tensile stress fiw. For 
amember type (3) of Fig. 9, the value may be assumed as 
600, 750 or 950 Ib. per sq. in. respectively, to ensure 
full freedom from cracks either for repeated, sustained 
or rarely occurring loading. If Ro. fet is taken as 
2,000 lb. per sq. in. (e.g., 0.85 2350), the following 
reductions of Z, min are obtained for the three cases 
2000 2000 


Zy nig == 


mentioned before : ; 
2000 2600 2750 

—— = 0.685 respectively. These are considerable 
2950 

reductions, and there is really no justification for 


IN-SITU CONCRETE 


TT Se TO 
wc .2 WIRES O-2 DIA... S} 


material is applicable, even after cracking has occurred, 
whereby “‘ nominal ”’ tensile stresses may be taken into 
account, for full homogeneity is again ensured on 
reduction of the load. The magnitude of stresses for a 
homogeneous section has to be investigated for three 


loading stages, i.e., transfer, transport, which includes. 


fourth loading ought to be added, viz., dead weight, 
or frequently occurring load. 
| Quite apart from these loadings, conditions at failure 
have to be considered, based on a designated factor of 
afety. M. Freyssinet says in ?, ‘‘ the usual expression 
of the factor of safety has literally no meaning what- 
‘soever,” and further, “‘ it is thus insufficient to say that 
phe classic expression of the notion of safety loses its 
significance ; the very idea itself is completely changed ; 
the condition for the passage from the zone of security 
to that of insecurity are quite novel.” These statements 
may very well apply to members of class (b) and par- 


South and working load. To these, in certain cases, 


© not agree with the actual behaviour of class (a), 
which will be the more usual case of prestressed concrete. 
n the previous sections, it has been clearly shown that, 
ith under-reinforced beams, it is possible to determine 
xactly a minimum failure load based on the ultimate 
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Fig. 10.—A comparison of four designs of bridge deck construction 1945 


ignoring the concrete tensile resistance. In all these 
cases full freedom from cracks is obtained. Moreover, 
such structures would show a better performance under 
loads above the working load than a fully prestressed 
member made up from blocks (without adhesion at the 
joints), designed for the same working load conditions. 
There is no need for a large factor of safety against 
cracking, since a small margin is sufficient. This has 
been proved by the numerous successful checking tests 
based on tensile stresses of 750 to 775 lb. per sq. in. 

The superiority of partial prestressing is further 
enhanced in case (4) of Fig. g. Let ftw be 1,300 lb. per 
sq. in. for a rarely occurring load on the assumption that 
under dead weight only compressive stresses occur, then 

2000 
the section modulus is reduced to —— = 0.60 of the 
3300 
value which would have been taken had partial pre- 
stressing not been considered. 


(10) Development of a Composite Bridge Design 

In the discussion®® to the paper °, Dr. K. Hajnal- 
Konyi suggested the combination of precast prestressed 
and in-situ concrete in view of the satisfactory behaviour 
of partially prestressed members. This proposal was 
investigated by the author in his closure®® for a bridge 
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deck construction. As a basis of comparison, a con- 
struction was selected as shown in Fig. 10 (a) resembling 
an established road fully prestressed bridge deck design 
over railways?’, comprising I-shaped precast pre- 
stressed beams and a load distribution slab of 4 in. 
depth. The design was made for rather low concrete 
stresses, e.g., fet = 1,200 lb. per sq. in., since at that time 
it was not yet considered prudent to permit high concrete 
stresses. Designs shown in Fig. 10 (b) and (c) represent 
alternative solutions which are both partially pre- 
stressed, and comprise composite slabs according 
to Dr. Hajnal-Konyi’s proposal. This arrangement 
allows for a considerable reduction of depth in the pre- 
cast beams, since they are designed to be fully pre- 
stressed for the dead weight only. The precast pre- 
stressed beams in all three designs have, in addition to 
the bottom reinforcement, some tensioned wire rein- 
forcement in the top flange. This was provided to allow 
for easy handling by slinging at the centre without 
danger of cracking. In previous constructions in which 
such upper wires were omitted, placing had proved 
rather cumbersome?’, since the beams had to be sus- 
pended at both ends, the self weight counteracting the 
prestress. 

Designs Fig. 10 (b) and (c) differ from each other by 
the arrangement of the untensioned steel. In the first 
case mild steel bars are placed in the z-situ concrete, 
whereas in the second case, the entire reinforcement 
required is of high strength wire placed within the pre- 
cast prestressed concrete section. The untensioned 
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wires are arranged preferably in pairs, ee to increase 
the bond. 


(11) The Prototype: Gilroyd Lane Bridge, near 
Barnsley, Built 1949 


In 1945, the first designs were evolved on the lines of 
Fig. 10 (b), based on higher permissible concrete stresses, 
and the economy of the design was improved in 
accordance with the particulars shown in the upper part 
The beams shown in 


(design 1) of Fig. 12, paper 1°. 


Fig. 12.—Gilroyd Lane Bridge; placing of bridge beams 1949 
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Jetail in the upper part of Fig. 11 are of the same cross 
section as the test beam P1, discussed in paper 1°. As 
indicated in the figure, a few links } and 3 in. dia. were 
eo in the stiffener ribs at the ends of some of the 
beams to avoid horizontal cracks at release of the pre- 
Stress, but tests proved that they we-e unnecessary and 
most of the beams (also test beam T1) of this first type 
were cast without them. In this design 1, mild steel 
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Fig. 13.—Sectional elevation of Lodge Lane Bridge; 
‘ reconstruction and widening 1950 
4 
teinforcement has been added in the 7zm-situ concrete to 
€arry, in conjunction with the prestressed beams, the 
full design load, i.e., M.o.T. loading, or 15 units B.S.S. 
++ 50 per cent. impact. The first contract, for five over- 
bridges, was let during the autumn of 1948 after com- 
paring an alternative quotation for a similar bridge deck 
construction, with encased steel joints of the same limited 
depth. This proved the great economy of a composite 
partially prestressed design ; in fact, the alternative 
‘construction would have been dearer by some 65 per 
‘cent. than the prestressed equivalent, and the steel con- 
‘sumption would have been approximately 5+ times 
‘as great. 
: Manufacture of the prestressed bridge beams for the 
first five overbridges was carried out by Dow-Mac, Ltd., 
‘at Tallington, Lincs., in the open air during the mild 
inter of 1948/49. Side parts of moulds were placed 
after the wires were tensioned and remained uniil just 
efore release. Six beams at a time were manufactured up- 
ide down on one 200 ft. bed. A number of test specimens 
ere cast and cube strengths of over 5,000 |b. per sq. in. 
btained, before the prestress was released, i.e., after 
ve days. Immediately after casting, the concrete was 


moulds. 

Fig. 12 shows the placing of the prestressed beams for 
the deck of Gilroyd Lane Bridge, which was carried out 
in an afternoon in the intervals between trains, without 
a special possession, using a road crane, the weight per 
beam being approximately 25 cwt. The provision of 
he tensioned wires in the top flange allowed lifting up 
he beams at any point without the risk of cracks. 
Precast parapet concrete slabs were employed to 
teduce the weight, but in subsequent designs, local 
stone or suitable brick were used in order to meet the 
wishes of the local planning authorities. 

- In 1949, in addition to a second public road bridge 
of the same type, three deck constructions for private 
toad bridges were built on the lines of the design 
Shown in Fig. 1o(d). However, this latter design has 
proved less economical. Precast slabs were employed 
and homogeneity secured by concreting the inter-spaces 
between them above the prestressed beams, and by links 
protruding from the slabs and beam into this i-silw 


oncrete jointing. The cost of this type of deck con- 


Protected against frost by placing straw around the 
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struction was higher than that of the solid slab and the 
carrying capacity less ; in addition, transport of beams 
with protruding links was more difficult. Consequently, 
in later bridge decks, whether for public or private 
roads, the same composite slab construction has been 
employed embodying beams with untensioned wires. 
This arrangement not only saves steel, but reduces 
labour at the site. 


(12) New Design—14 Bridges, Built 1950-51 


The Shaw Lane Bridge, Mouselow, is the first of these 
14 bridges built in accordance with the revised design. 
Since untensioned wires were also embedded in the pre- 
stressed beams, the cross section was modified, as 
shown in the lower part of Fig. 11, so as to give sufficient 
space for the wires. The beams are longer than those 
for Gilroyd Bridge, being 33 ft. g in. long, as against 
28 ft. 6 in, In both cases steel bearing plates are 
provided. A steel plate 4 in. by 3 in. is cast into the 
underside of each beam, to which intermediate bearing 
plates are fixed, bearing plates being provided on the 
abutments. The Lodge Lane Bridge, at Hyde, near 
Manchester, comprising a replacement and widening 
of the previous bridge, was the first public road bridge 
containing untensioned wires incorporated in the beams. 
As is seen from Fig. 13, a cross section through the 
bridge, channel-shaped composite parapet beams were 
provided to carry the heavy brick parapet. 

The prestressed beams were manufactured by the 
Atlas Stone Co., Ltd., at Shorne, near Gravesend. In 
this case the beams were manufactured in an upright 
position, three beams being cast on the same day, and 
the side parts of the moulds were removed after one day. 
In the second contract for four bridges, ferrocrete 
cement was used, whereas for the remaining bridges, 
super-sulphated acid resisting Sealithor cement was 
employed. In the latter case smoke boards provided 
in previous designs are dispensed with. Surface car- 


Fig. 14.—Reconstruction of Mouselow Bridge, 
1950. Placing of bridge beams 


bonation of the super-sulphated cement was countered 
by the application of a solution of lime water shortly 
after casting. 

Fig. 14 illustrates the placing of the beams at Mouse- 
low Bridge. In this case a temporary bridge was 
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provided above the former bridge, after the main arch 
was removed, and the beams were placed by a road 
crane from the temporary bridge. This work took place 
on Sunday, March 12th, 1950, during intervals between 
trains, when the road traffic was interrupted. 

The next sites where the new design was employed 
were near Gorton, Manchester. In this case, there was 
no possibility of direct access to both bridges as only 
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Fig. 15.—Reconstruction of bridges near 
Gorton, 1950. Lifting of parapet beam from 
railway wagon 


a temporary footbridge was provided. Consequently, 
the bridge and parapet beams were brought to the site 
by rail and lifted by a 1o-ton railway crane from the 
wagons, as shown in Fig. 15. During temporary 
possession of one railway track on Sunday, April 16th, 
1950, all beams, viz., 18 ordinary beams and two parapet 
channels, were placed during two intervals of 14 hours 
and one hour respectively, In Fig. 16 the beams are 
seen being placed at the widening of Lodge Lane Bridge ; 
four transverse rods are already threaded through the 


Fig. 16.—Widening of Lodge Lane Bridge, 1950. Placing 
of beams 


holes of the beams. Fig. 17 shows concreting of the 
deck, the distribution bars being seen in the left part 
of the photograph. All bridges referred to in Sections (11) 
and (12) were erected by Messrs. Wellerman Bros., Ltd., 
Sheffield. 


(13) The Design of Composite Bridge Deck 
Construction 


As already mentioned, the prestressed beams form the 
shuttering for the i-sitw concrete and are designed to 
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carry the weight during placing (see Fig. 18 (a)). The 
combined section of precast and in-situ concrete (Fig. 
18 (b)) carries the road surfacing and the live load 
without the occurrence of any concrete tensile stresses 
under dead weight. Table III shows a practicalexample, 
In this case it is assumed that the moduli of elasticity E, 
and E? of prestressed and 7zm-sttw concrete respectively 
are equal. In some cases the precast concrete will have 


ee 


Fig. 17.—Widening of Lodge Lane Bridge, 1950. Placing 
of additional concrete 


a higher strength and modulus of elasticity than the 
in-situ. concrete. However, the ratio of these moduli 
will only slightly exceed unity and be hardly ever greater 
than 1.25. Although at low stresses the modulus of 
elasticity of the precast concrete may be much higher 
than that of the im-sitw concrete, under higher stresses 
and greater strain the modulus of the precast concrete 
will be reduced, while the stresses in the 7-sztu concrete 
are much less than those in the prestressed concrete so 
that the two moduli will be nearly equal under working 
load. 


(14) Economy of the Bridge Deck Construction 


The cost of precast prestressed concrete placed in 
position is rather high, depending mainly on the depre- 
ciation of moulds. If larger numbers of units are 
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required, the costs are obviously reduced. Precast 
units of the kind described in this paper, which were 
easily transported and placed in position, cost approxi- 
mately 30s. per cu. ft., including the cost of high strength’ 
wire. Ordinary concrete placed in position costs about: 
3s. to 4s. per cu. ft. Thus, a composite slab consisti 
of + precast and 2 im-sitw concrete may total approx 
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ately IIs. to 12s. per cu. ft. There is no need for 
ecial shuttering or propping, since the precast part 
rms the shuttering and is capable of supporting the 
in-situ concrete. The cost of the mesh placed in the 
i-situ concrete is of little influence. 


From the above data, it is seen that the economic 
superiority of such a composite slab depends mainly 
on the reduction in volume of the precast concrete 
component. Obviously, any construction made entirely 
in precast prestressed concrete is more expensive. It 
is the particular feature of partial prestressing that the 
cross section can be decreased, and thus the part of the 
precast component reduced. This feature applies also 
to non-composite prestressed members. 


_ When partial prestressing is applied to post-tensioning, 
not only is the cross section reduced, but also the unit 
price per cu. ft. concrete will be decreased, since the 
costs of anchorages and tensioning are correspondingly 
less when some of the wires are placed untensioned in 
the concrete. 


(15) Other Designs in Partial Prestressing 


_ Prestressed I-beams and precast concrete slabs form 
the roof of a water treatment plant at Woodhead 
Tunnel. This construction has proved to be cheaper 
than another design using steel joints. In this case 
wires gauge 14 have been used for the beams of 22-ft. 


TABLE III.—Example for Composite Bridge Deck 
Construction 
Concrete stresses in homogeneous section in lb. per sq. in. 
(Ec = E’,) (+compression, — tension) 
i Precast In-situ Z values 
é concrete concrete 
4 Fibre = 2 
: I 2 3 4 in.® 
q Prestress at | 
. transfer ah 2,324 |\-——- 113) - — a 
Effective pre- Z,=404 
stress Wad 1,825|— 89| — — 
Self weight of | | 
slab alone (pre- |—1,190|-++ 2,015 | 25230 
cast concrete 
and wet in-situ 
concrete) | ; : 
| (Fig. 18) 
Resultant ... [+ 635\|+1,926| * * 
_ Additional dead 
weight alone... |— 152|+ 61] —Il4 | +152 sr 
“" 12 50 
Resultant at 2» 
complete dead |+ 483/+1,987) —I14 | +152 I foe 
weight ao | 3125 
. Live load alone |—1,070|+ 428 |= Bo4 Neporded) Z/ = 
q : 1668 
| 
- Resultant at . La 
working load |— 587/+2,415| —918 |+1222 | 1250 
=: ey (Fig. 18) 


* Due to creep and shrinkage small stresses are imparted to 
the in-situ concrete after it has hardened ; however, they are 
1eglected here. yp : 

**This stress in fibre 3 is of no influence upon visible cracking, 
ince in all investigations cracks have first been observed at the 
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length and 12-in. depth. These beams, which were 
manufactured by Concrete Developments, Ltd., Iver, 
Bucks., in 1949, have passed the checking test with a 
load corresponding to a tensile stress of 750 lb. per sq. in. 


Other designs in preparation employing partial pre- 
stressing relate to purlins and roof girders for sheds, 
such as the design for girders of 76 ft. at a proposed new 
goods shed at Bury St. Edmunds according to Fig. 10, 
employing post-tensioned cables. In this case a pre- 
liminary estimate has shown substantial savings as com- 
pared with steel construction. The roof cover is asbestos 
cement troughing requiring a fall of at least 4°, the dead 
weight being approximately 5 lb./sq. ft. Fig. 20 shows a 
design for large railway sheds. Preferably a cantilever 
construction is used if the length exceeds roo ft. Also 
in this case the light asbestos cement roofing is employed. 
The cantilever beams in this design are 30 ft. apart. 


Another instance in which partial prestressing can be 
suitably applied is poles. Tensile stresses of 1,000 Ib. 
per sq. in., or more, may be taken as permissible. A 
factor of safety of 2 would ensure complete service- 
ability, even at a loading of 1.8 times the maximum 
live load. This is a higher value than obtained with 
steel masts, for which a factor of 1.5 applies to the ser- 
viceability, depending on the: yield point. In cases 
where loading occurs in two opposite directions, partial 
prestressing is particularly advantageous, because, the 
precompression is reduced, which influences the loading 
capacity, since the resistance is often governed by the 
compressive stress in the first case. A design for masts 
has been prepared for consideration with planned future 
railway electrification using overhead conductors. Fig. 21 
shows an anchor mast in prestressed concrete super- 
imposed over the elevation of a steel mast. The pre- 
stressed concrete structure having I-shaped columns and 
box-shaped horizontal members, is in this case designed 
to be free from cracks, a concrete tensile bending stress 
of 700-800 lb. per sq. in. being permitted for the maxi- 
mum load which would occur only either at fracture of a 
cable or temporarily at fixing the cables at one of the 
anchor masts. 


II. Constructions Suitable to Mining Subsidence 


(Designed only for ultimate load conditions ensuring 
serviceability) 


1. General Considerations 


Prestressed concrete is particularly suitable for use 
in such constructions, since it is resilient almost to 
failure load. It is difficult to know what loading. will 
apply at subsidence ; it is, therefore, necessary to make 
the construction as strong as possible. The ultimate 
resistance, therefore, becomes nearly identical with 
that for which the structure has to be designed. It is 
obviously of great importance to make full use of all 
possibilities ; thus, the co-operation of the tensile 
resistance is essential and, where an assembly of blocks 
is employed, mortar joints should be used. Prestressed 
concrete has an advantage, as compared with other 
materials, in that it remains serviceable after a loading 
approximating the maximum load has taken place. 


(2) Strengthening a Church Tower at Silverdale 
Staffordshire 


Strengthening of the tower at St. Luke’s Church was 
necessary in 1948, because tilting had taken place, and 
serious cracks had developed owing to mining subsidence, 
further subsidence being expected. The underlying 
idea of the design, as described more in detail in *3, is 


illustrated in Fig. 22. Chases “a” were cut on both 
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Fig. 20.—Prestressed roof construction for large railway sheds. 
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sides of the wall with recesses “‘b” at the two ends. 
Wires “‘c’’ placed in these chases were tensioned and 
secured by anchorages ““d”’ to R.S. Joists “e,” the 
prestress being transmitted to the wall by means of 
distribution plates “‘f.’’ The chases and recesses were 
afterwards filled with cement mortar. 

Thus, a construction was created in the wall capable 
of acting, in the event of further subsidence, either as a 
simply supported beam or as a cantilever ; the respective 
compression zones in the masonry at the centre above 
the chases, and at the ends below them, were previously 


Example, shed with eight tracks 


consolidated by inserting cement mortar through holes, 
as indicated in Fig. 22 by shading. : 


(3) Cill Beams for Existing Road Bridges 


Twelve cill beams have been designed in the Civil 
Engineer’s Office of the Railway Executive, Eastern 
Region, at King’s Cross, for use in connection with the 
raising of bridges at Wath-upon-Dearne, which became 
necessary Owing to mining subsidence. In view of the 
high soil pressure at the existing foundation, thes 
cill beams had to be as light as possible. It was 
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therefore, decided to insert a number of hollow blocks 
in the piers, and abutments, and to prestress this 
assembly of blocks by means of post-tensioned cables 
after the joints had been grouted, whereupon the wires 
were to be grouted in. Owing to difficulties peculiar 
to railway operation, the method of erection was changed, 
and it was not possible to adhere to the original design. 
However, the beams were manufactured in accordance 
with the original design, in order to test the application 
of this type of construction. 


Fig. 22.—Prestressing a wall to act as a beam 


Considerable difficulties occurred in making suffi- 
ciently strong cement mortar joints between the blocks. 
It would certainly have been a more satisfactory and 
economic solution to have a monolithic hollow beam 
produced, either with pre-tensioned or post-tensioned’ 
wires. Such beams built from blocks do not appear 
generally suitable unless the blocks are singly inserted, 
as originally intended, and as would be the case in under- 
pinning. 
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For the manufacture of these 12 cill beams, Magnel- 
Blaton cables were used, and the tensioned wires 
embedded in grout. In order to increase the ultimate 
resistance to the maximum possible, efficient grouting 
is essential. The beams were designed to act as simply 
supported beams or cantilevers, as the case may be, at 
subsidence. Consequently, top and bottom reinforce- 
ment were approximately equal in the beams. 


Fig. 23.—Cill beams built from hollow blocks with 
post-tensioned cables, 1949; grouting 


During grouting, shown in Fig. 23, various mixes were 
used and testéd, in order to determine the most satis- 
factory solution. Some difficulties occurred in pro- 
viding continuity of the apertures at the jomts between 
blocks. This made it more difficult to insert a stiff 
grout from the end of the beams. Table IV contains 
briquette and cube strengths of several mixes of grout. 
It is seen that the very liquid mix of 1: 1:1, often 
recommended, has relatively low strength properties. 
A mix I: 2, with a water-cement ratio 0.58, has been 
found to be more suitable from the point of view of 
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TABLE IV.—Compressive and Tensile Strengths of , 
Various Grout Compositions 


(Strengths in Ib. per sq. in.) 


sand : cement Seon hin Ios 09 4) Soe 
Mix : , 
Water/cement F 

ratio 0.8 0.58 0.49 1.0 


Cube strength (2 in.) at : | 
28 days 1600 3800 2000) | 13507m 


Briquette strength (1 in.) 
at 28 days 240 300 250 


220f = 


1 


*7 days’ strength. 
+5 weeks’ strength ; the 7 days’ briquette strength was 175. 


easy grouting and obtaining a higher strength. However, 
in a future case with straight-through holes, a grout, 
having a lower water-cement factor, might be preferable. 
These cill beams were made by The Costain Concrete 
Co., Ltd., Childerditch, Essex, in 1949, and inserted in 
the bridge in 1950. 


(4) Turntable Foundation 


Fig. 24 shows details of the design of a foundation for a 
turntable built at Wath-upon-Dearne, in 1950, where 
mining subsidence notices have been received to a total of 
5 ft. r in. The construction is designed to permit the 
table to continue in use after considerable settlements 
have taken place, and consists of a wheel with a number 
of spokes ; the basic idea of this construction originated 
from Mr. R.E.Sadler. The rim and spokes are designed 
to act as beams or cantilevers. Thus, in the event of a 
minor local settlement, the construction should be 
capable, without breaking, of carrying an engine and, 
after removal of the locomotive, the resilience of the 
construction should permit a simple restoration to level 
with jacking and under-packing, if necessary. This is 
a construction built zm-sztu, involving 110 cu. yd. 
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concrete, and using Sealithor acid-resisting sulphated 
cement, and Magnel-Blaton cables were used. Some 
of these were threaded through holes and some placed 
in grooves provided at the circumference of the wheel. 
The foundation construction seen in Fig. 25 was built 
in 1950 by Messrs. C. R. Price, Doncaster. 


ia Ill. Summary. Some Advantages 
A. Prestressing Generally 


_ (x) The structure remains flexible up to 90 to 99 per 
cent. ofthe failure load, resulting in enhanced service- 
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Fig. 25.—Prestressed Turntable Foundation at Wath on 
Dearne 1951 


ability. (Steel and reinforced concrete become un- 
‘serviceable due to permanent deformation much below 
the failure load.) 


(2) Freedom from cracks under working load or under 
frequently occurring load, as desired. (Impossible with 
ordinary reinforced concrete.) 


(3) Increased life, no maintenance. (As compared 


with steel and timber.) 


(4) Reduction in construction depth for simply 
supported beams (as compared with ordinary reinforced 
concrete). 


(5) Saving steel. 
(6) High degree of resistance to fatigue. 


B. Partial Prestressing 
(2) Further reduction of construction depth. 
) 


(3) Permanent freedom from cracks under working 
load in spite of concrete tensile stresses :— 


_ (1) Improvement in economy. 


; for 
Up to 600 Ib. per sq. in. where repeated | modulus 
loading occurs of 
oo po 4 me for sustained rupture. 
loading of 
my ,, 950 a , for rare loading | 1,000 Ib. 
persq. in. 


5 (4) Cracks temporarily visible under load close and 
become invisible on reduction of the load even if the 
imum load occurs with many repetitions. 


(5) Very high resistance to failure even after fatigue 
vith constant opening and closing of cracks. 


pe! 
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C. Composite Members 


(1) Greatly increased economy, if the rather expensive 
prestressed component represents only part of the entire 
quantity. 


(2) Simplification of work at the site. 


D. Prestressing of Walls to form a Carrying Structure 


By providing chases in walls and housing tensioned 
wires, the wall can be employed to act as a beam. 
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Winds, Waves and Maritime Structures, by 
R. R. Minikin. (London: Griffin, 1950.) 216 pp., 
9/30. % 6 in fed ilustrated 25s: 


English literature is deficient in books on maritime 
construction, and Mr. Minikin’s little book is doubly 
welcome for that reason. We wish the book were 
three times as large, so that many of the subjects 
briefly touched upon could be more fully developed. 


Mr. Minikin has presented a full and clear discussion 
on the difficult subjects of wind, weather, wave genera- 
tion, wave form and wave pressure, and has brought 
forward some of the newest researches on wave pressure, 
including some original methods of his own for arriving 
at results without difficult mathematics. Even more 
stress might have been laid on the difference between 
the moderate pressures exerted by reflected waves, 
about which relatively little is known. 


The principles of harbour shape are dealt with and 
there is full treatment of breakwater design, though 
more might have been said about the mound type of 
breakwater. The long chapter on design of jetties and 
dolphins is approached from an up-to-date angle, and 
brings in several recent developments. Sea walls, 
slipways and dredging are only lightly touched upon. 


When a second edition is published, and we are sure 
it will be soon, we hope that it will be a larger book, 
and that some te-grouping of the information will be 
possible, so that all the matter on breakwaters comes 
together. Captions under the excellent. diagrams 
would help in reading, and a bibliography would be 
appreciated by those wanting more information. 

M. N. 


Reinforced Concrete Design, by John Berry, B.Sc. 
(London : Hutchinsons Scientific and Technical Publica- 
tions, 1945. Second impression). 108 pp., 7$in. x 5 in., 
ros. 6d. 

This little book is divided into five sections. The 
first deals with the physical properties of concrete and 
its constituents, while the second introduces the 
elementary principles of design. The third and fourth 
develop the design of concrete members, while part 
five gives two short examples of design. This section 
might have been extended with some advantage. 


Only elementary algebra and mensuration are used, 
but the mathematical basis of design is fully developed 
from first principles, which may possibly make a 


stronger appeal to young Engineers than to Architects 
or Surveyors. 


A particular feature of this book is the consideration 
given to the ultimate strength of concrete members. 
The alternative principles of design, using allowable 
stresses, or using a load factor based on ultimate 
strength is discussed, and an introduction to the Whitney 
theory is given. . ; 

It is felt that the stresses used should now be revised 
to agree with C.P.114, but this does not seriously affect 
the book’s usefulness. 


It can be recommended to young Engineers starting 
the subject, and those with some experience are likely 
to find it of interest. 


Both the type used and the illustrations are very 
clear, and the quality of the paper good. =F. G. E. 


City and Guild Services. Sketching for Craftsmen 
by Ernest Hoyle (London : English University Press, 
1950). 80 pp., 84 x 54 ; illus., 5/-. 

This book deals in a simple and clear manner with the 
elementary principles of perspective in a series of care- 
fully graded exercises explained on the adjacent pages 
by notes in easy and colloquial style. It is primarily fot 
beginners, but experienced draughtsman may well find 
some points of interest in the ingenuity of the diagrams. 
It will be of particular use to those who are not natural 
draughtsmen and who find difficulty in pressing theit 
ideas in a workmanlike manner on paper. 


The author’s technique shows itself best in the work- 
shop sketches and the machine perspectives ; the 
necessity of keeping good proportion while sketching is 
emphasised. Hints on sketching simple parts later to be 
built up into a moré intricate picture, show how essential 
it is to have a fore-knowledge of the general shape of all 
individual parts in order to make a clear picture of the 
whole. The notes at the end of the book and the very 
sound advice on dimensioning, are points worthwhile 
following. 


This is a thoroughly useful book for the examinee and 
as such it is very competently fulfilling its purpose. 
Should it fulfil its author’s hopes and cause students te 
sketch for a hobby as well as a career, the sound ground- 
ing in basic perspectives it will have given them, will 
make their pens and pencils, a source of profit and 
interest in their serious work and their leisure moments. 


S.4-¢ 
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pecial Treatments for Portland 


Cement Concrete 


? . . 
? Discussion on Mr. C. L. a’Court’s Paper* 


Before presenting this paper, Mr. a’Court mentioned that it was written about a year ago. 
» As it dealt mainly with ideas and was not a record of work done, tt might be found that 


as printed. He felt that.this was inevitable with ideas, which must necessarily develop and change. 


Tr 
; 4 some remarks which he was about to make did not agree exactly with what was said in the paper 
; 


_ Thanking the lecturer and opening the meeting for 
discussion the Chairman said they had had a most 
interesting lecture. Mr. a’Court had thrown out a 
wealth of ideas and the most intriguing one was that as 
concrete was such a readily used material we were 
stretching it to the limit to which it could be used. He 
wondered if that was so, for when they could produce a 
light weight concrete which was strong there was a 
whole range of other uses which had not yet come into 
being. 

_ They had had a most interesting lecture and he pro- 
posed a formal vote of thanks. 


Mr. Donovan H. LEE (Member) said he had greatly 
enjoyed Mr. a’Court’s lecture. It had opened up great 
opportunities for questions and for example, he would 
have liked to hear more about air entraining. On the 
‘one hand we had spent a long time trying to get all the 
air out of concrete, for example by using vibrators, even 
getting vacuum concrete which Mr. a’Court had not 
Mentioned, and now the Americans had found that the 
only way they could make their roads stand up to the 
salt treatment in the winter was to put in air ! 

_ With regard to pozzolanas, he thought they would all 
ike to know if they were available in England. In view 
of the number of reinforced concrete structures built 
trom fifteen to forty years ago which were now in a 
shocking state of deterioration it seemed the use of 
concrete of a poor mix, or uncompacted or with an 
excessively high water-cement ratio did lead to serious 
Tesults in the course of time, particularly in the in- 
dustrial areas where the action of the atmosphere on the 
concrete was greatest. He assumed the pozzolana did 
combine with the lime of the concrete, and he assumed 
wider use of pozzolanas was desirable although not a 


paction and so on. 

_ With regard to linseed oil as a surface treatment, was 
it true that it could be used? Mr. a’Court had men- 
tioned oxygenating and evaporating as the way linseed 
oil dried. He understood that linseed oil could not 
evaporate and that there was no extractable water in it. 
It could only oxygenate and the common practice of 
Warming paint to dry it was wrong because all that was 
needed was oxygen, and a lot of it. In other words a 
fan was better than warmth. 

He had noticed Mr. a’Court had shown a graph of the 
effect of wear or abrasion of concrete surfaces, but it 
Was generally understood that the reason for its use was 
to prevent dusting and this it did do. His experience 
had been generally that the second treatment merely 
created a gluey substance on the surface and sometimes 


*Read before the Institution of Structural Engineers at 11, 
pper Belgrave Street, London, S.W.1., on Thursday, 8th M: arch, 
1951, at6 p.m. Lt.-Colonel R. F. Galbraith, M.C., B.Sc.(Eng.), 
M.I.Struct.E., A.M.1I.C.E. (Vice-President) in the Chair. Pub- 
lished in THE STRUCTURAL ENGINEER, Vol. XIX, No. 3. 


Pp. 71-77. (March 1951). 


\ ay of avoiding the need for a good mix, proper com- 


even the first treatment seemed as though it would not 
get into the pores. He was not clear whether with very 
good concrete anything did penetrate. Did sodium 
silicate start a chemical reaction with the cement next 
the surface of the concrete, and did it have a similar 
effect like case hardening of a metal? Did it do that, 
or did it merely fill the pores if any existed ? 


Dr. T. W. PARKER remarked that the subject, as 
Mr. a’Court had told them, had many sides and sub- 
divisions. At the Building Research Station they had 
found it helpful to divide additions to cement into two 
groups—those in which there was a large percentage 
addition and those in which the addition was only a few 
per cent. (and often less than one per cent.). In the 
first case one got such substances as pozzolanas or 
granulated slags, or inert additions, in one group. It 
was an advantage that most of these were materials 
which could with most advantage be admixed by the 
manufacturer rather than on the site. The user was 
freed from the need to adopt controlled mixing ; they 
were fully controlled, obtainable by bag. 

The second group contained the minor constituents 
which influenced the working properties, etc. of the 
cement, such as calcium chloride or wetting agents. 
These could not be conveniently admixed by the manu- 
facturer but required to be added by the user. A sub- 
division of this sort was essential for amy systematic 
treatment of the subject. 

On the question of the additions of small amounts of 
calcium chloride, or air entraining agent, or wetting 
agent, one of the important effects of the lecture was 
to give some authorisation guide to the order of results 
to be obtained. There was need for this, for otherwise 
there was no basis of comparison with the claims of 
various proprietary products, whose composition need 
not necessarily be disclosed to the user. 

The lecture emphasised the point that certain minor 
additions effectively modified the properties of cement 
other than that of strength. The extension of the use of 
Portland cement by the engineer, architect and builder 
had brought the material into fields where strength 
was not the only important property. Workability, 
heat generation, and shrinkage might enter in ways 
which were not normally matters of great importance 
formerly, but were becoming so now. The more 
important they became the more important became the 
minor additions which could affect the properties other 
than strength of the Portland cement. 


He had one query relating to Fig. 5 of Mr. a’Court’s 
paper, in which he showed the effect on the abrasion 
resistance of sodium silicate. Had there been any 
scientific theory to explain the phenomena? It did 
occur to him that it might be related to the degree of 
carbonation of the cement surface. The action of sodium 
silicate on a concrete surface in which the free lime had 
carbonated might be different from the action on a 
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surface in which the free lime was still uncarbonated. 
In other words, if the lime was still present as free lime, 
the sodium silicate might produce a lime silicate gel, 
whereas if the lime was carbonated, the silicate treat- 
ment might produce silica gel, this difference between 
the end products possibly accounting for the difference 
in resistance. It might be possible to explore this by 
dyeing the suriace with napthalene green B which might 
be used to indicate the depth of carbonation. 


Mr. J. SINGLETON-GREEN (Member of Council) said 
he had noticed with interest what Mr. a’Court had said 
at the beginning of his talk about iceas, not jobs, and 
wondered what contractors would think if the implication 
was that jobs did stand still ! 

On the last slide shown there was no vertical scale and 
no reference to zero. A second point about the curve 
was that people did not usually know after 14 days 
whether the floor was going to be satisfactory or not. 

He was glad that Mr. a’Court had amplified his earlier 
conclusion by saying that perhaps almost any floor, even 
a good floor, could be improved by the use of silicate of 
soda. He had perhaps seen more bad floors than anyone 
in the country and had still to find one that could not be 
improved by the zntelligent use of silicate of soda. It 
might need one, two, or three coats, or perhaps even six, 
but if used properly silicate of soda would improve the 
floor ; the exception occurred if the floor was very old, 
and in such a case perhaps some oil treatment was the 
only thing which could be expected to keep down the 
dust. 

He did not go all the way with the speaker when he 
condemned jumps in grading. He thought we were 
reaching the stage where we in fact knew less about 
grading than we thought we did ten years ago. There 
were people who liked the flat part of the curve and they 
couid not ignore the fact that they were getting some 
very good results. 

A case that came to mind was a job in U.S.A. where 
they used 3” limestone and very fine sand. They 
obtained a cylinder strength of 18,000 lb. per sq. in., 
which would probably be 24,000 Ib. per sq. in. on a cube. 

As Mr. a’Court had indicated and Mr. Donovan Lee 
had mentioned, there was concrete and concrete. He 
thought it a great pity that we could not have different 
names for the different kinds of concrete. The average 
man had not seen really good concrete and did not know 
what it looked like. 

The main thing about air entraining was that the air 
vas not in the same form as that which they tried to 

ike out. The air taken out was where they did not 
wantit. The air put in was in minute bubbles and did a 
job of work. 

He did not know whether Mr. a’Court would consider 
linseed oil under paint technology or not, but he had 
seen surfaces treated with linseed oil and cement mix- 
tures and they were perfect after 40 years. 

They had always regarded strength as the thing that 
mattered. It was important, obviously, but it was not 
the most important thing. Durability was far more 
important and if they could look upon concrete in terms 
of durability some problems would assume a different 
aspect. Unfortunately there was no convenient “ yard 
stick ’’ for durability, so they would continue to talk in 
terms of strength. If Mr. a’Court could suggest some 
simple “ yard stick’ for measuring durability, he thought 
they would get something which was badly needed. 


Mr. T. WHITAKER said he would like to ask Mr. a’Court 
a question and if the reply were that it was difficult to 
answer he would agree with him. How could one 
differentiate between workability caused directly by a 
workability additive which was put in to the concrete, 
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and the workability caused by the air which that aid 
might entrain? Let them look at the question against 
the background of American experience. Up to about 
I9g4I the Americans spoke a lot about treated cements 
and about workability aids. From about this time one 
heard of air-entrainment, and the Americans now con- 
sidered that the workability and beneficial results which 
had accrued from treated cément, or aids put in to the 
concrete, had been the result of the entrained air rather 
than the aid itself. He added that if a builder bought 
ready mixed concrete in America, and did not carefully 
specify that he wanted non-air entrained concrete, he 
would invariably be supplied with air entrained concrete, 
such was the extent of air entraining in America. 


Mr. J. M. FIsHER referred to gap graded concrete and 
said there had been issued by the Ministry of Works a 
memorandum on the saving of cement in which its use 
was strongly recommended in certain circumstances. 
He had not had any experience of that type of concrete, 
but in view of the fact that it had been commented on so 
favourably by a Government Department, he would 
like some more information on it. 

With regard to workability agents, he agreed with 
Mr. a’Court that probably the greatest curse of concrete 
was the fact that water was such a cheap workability 
agent, it was delivered to the site at 6d. per ton. 

The use of an air entraining agent in America as 
Mr. Whitaker had mentioned, had become almost 
universal. Whether the adoption of an air entrained 
concrete was technically justified or not, it was used 
largely because it was such an aid to increased work- 
ability and concrete could be placed with very little effort 

A tull scale experiment had just been carried out in 
this country with an air entraining agent in connection 
with the laying of a concrete pavement and the con- 
clusions reached might be interesting. 

The addition of an agent which entrains air, reduces 
the compressive strength of concrete and at the same 
time increases workability to a considerable extent. 
Its use also allows of a reduction in the sand content to 
the extent of the amount of entrained air. Both re- 
duction in sand content and increased workability 
allow of a reduction in the amount of water in the mix 
since the workability of the concrete must remain at a 
fixed figure in pavement work. The reduced water/ 
cement ratio results in a concrete which has a strength 
approximately equal to the non air-entrained concrete. 

Regarding pozzolanas, he had seen a reference in 
recent American literature to their use in the Hungry 
Horse Dam. He believed that pulverised fuel ash had 
been used extensively and had proved extremely 
satisfactory. Another example of their use was in the 
construction of a flood control dam. The concrete was 
one part cement to eighteen parts aggregate by weight 
and approximately one third of the cement was a 
natural pozzolana. An air entraining agent was also 
used. That type of concrete was something of an 
experiment, but not a single crack had been revealed in 
a total length of about 1,600 ft. It would seem that 
such a development might be very useful in the con- 
struction of hydro-electric schemes in the North of 
Scotland. 


Mr. H. C. ErntrRoy referred to Fig. 2 and said that he 
understood that Mr. a’Court attributed the reason for 
“a whole series of concrete failures ’’ to the poor grading 
of the combined aggregate (as shown in the figure) which 
would result in the use of a too high water/cement ratio. 
The grading shown is not much finer than No. 3 of Road 
Research Technical Paper No. 5 over the fine aggregate 
range and this would not, in the ordinary way, 
expected to require an excessive amount of water. 
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was wondering whether the real cause of the trouble 
experienced was due to imperfect compaction as a 
result of the segregation of the relatively fine mortar 
in the mix. 

_ His other question related to Table 2. In it the 
author quoted the C3S content of three types of cement 
and the corresponding three day strength. He would 
like to know whether Mr. a’Court considered that these 
factors were related and whether the quoted values of 
45, 50 and 66 per cent for the C3S content were typical 
for these types of cement or referred solely to the samples 
used for those tests. 


' Mr. D. E. Hennessey (Associate-Member) asked 
whether Mr. a’Court could say what the special ingre- 
dients were of the sulphate resisting and low-heat types 
0 cement now being marketed and whether these 
ingredients had any effect on the strength or behaviour 
of the finished concrete. 

If low-heat cement was a cement made with a base of 
pozzolana, could he tell them why it was more costly 
han ordinary Portland Cement. 

_ The iecturer had referred to quick-setting concrete. 
Mr. Hennessey found a method of obtaining this—by 
accident—it was by mixing aluminous with ordinary 
Portland cement. He would not recommend the use 
of a mixer in these circumstances. 


Major H. A. Hott (Member) said he was interested in 
the aggregate grading curve which Mr. a’Court had 
shown, particularly as he was inclined to attribute some 
failures toit. He noticed there was about 33 per cent of 
and passing the No. 7 sieve and no aggregate between 
that and the 3/8” sieve. He had been wondering 
Whether if that proportion of sand had been reduced to 
perhaps 20 per cent the disadvantages which accrued 
from the use of that aggregate might not have been 
apparent ? He had also been interested in the remarks 
bout replacing some of the coarser particles of the 
ement with fine stone. In connection with that, his 
ather, who was a manufacturer of cement in a small 
ay fifty years ago, used to add a small proportion of 
erushed rock, finely ground, to the cement and he claimed 
10st remarkable properties for the cement. Un- 
fortunately, the Standards association of those days 
put a stop to it. Nevertheless he did get remarkable 
increases of strength by so doing. 

He rather felt we were on the threshold of new dis- 
Coveries in using air entrainment. He understood it was 
fact that air was one of the most efficient lubricants it 
yas possible to use and he would very much like to have 


amounting as he said to about 5 per cent for every one 
per cent of air, was not in some measure tied up with the 
“particle size of the entrained air bubble. If, for example, 
the normal air in freshly mixed concrete were to be 
abstracted and then, either by chemical or mechanical 
Means, entrained air of almost micron size introduced, 
Was it beyond the bounds of possibility that one might 
be able to use air to give workability and water purely to 
hydrate the cement, thereby obtaining, in as far as the 
Water was concerned, the absolute optimum strength 
from that cement ? 


Reply to the Discussion 

Mr. a’Court, replying to the discussion, referred to 
. Donovan H. Lee’s enquiries about pozzolanas and 
their availability in this country. As far as he knew, 
materials were not generally available. There had 
attempts or attempted projects to manufacture 
from time to time but these did not seem to have 
ome commercial propositions. He referred to develop- 
nent now going on in the Western Highlands where it 
s 


; 
ns 


Mr. a’Court’s view as to whether the reduction in strength. 
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was claimed that there was a material with pozzolanic 
properties ; whether this was the natural material or 
whether 1t was necessary to heat-treat it he did not know. 


As regards linseed oil, he was not aware that he had 
used the word “‘ evaporated ’’; he thought he had said 
‘dried’. He understood from his chemist friends that 
linseed oil dried by oxidation, thus forming an imperme- 
able skin. Mr. Donovan Lee had referred to difficulties 
in the application of sodium silicate which resulted in a 
gluey residue on the surface. In connection with any 
recommendations for sodium silicate treatment, it was 
necessary to say first that the correct brand should be 
used—there were many types of sodium silicate, depend- 
ing on the soda/silica ratio. The correct type having 
been obtained, this should first be applied at a dilution 
of 4 parts of water to I of silicate. Further coats should 
then be applied ; generally, these could be progressively 
richer, going from 4 to I, to 3 toI, to2 tor dilutions. If, 
however, the concrete was only slightly porous it might 
be unwise to use the richer concentrations for the second 
and third coats, as the “ gluey mess’ to which Mr. Lee 
referred might result. Invariably, however, the re- 
commendation was to wash off the floors between coats, 
after it appeared that maximum penetration had taken 
place ; with even the best laid concrete there were slight 
inequalities to be observed in which shallow pools of 
liquid could form. 


He had been asked what sodium silicate did and to 
what thickness it penetrated. The main effect was 
produced by the breakdown of the silicate and the 
deposition of silica gel in the pores of the concrete. It 
was likely that there was, in addition, reaction with the 
free lime present which resulted in the formation of 
calcium silicate. Linked up with this was Dr. Parker’s 
question on the abrasion graph which had been shown. 
The answer to this question was that no explanation of 
the phenomenon, based on scientific data, had yet been 
attempted. He agreed that the optimum period 
coincided with the time when there should be the 
maximum amount of lime present as such, and it was a 
likely hypothesis which might well prove to be the 
explanation. Such was his own present view but it had 
not yet been substantiated. 


Mr. Singleton-Green had also referred to this diagram 
and to the lack of scale. The author had deliberately 
not inserted a scale as, in the first place, the units would 
not convey very much, and, in the second case, the 
actual shape of the curve depended upon the quality of 
the concrete. He indicated that there was evidence to 
show that the depth of the trough was negligible (i.e. 
that the curve reached a straight line) on the one hand 
when the concrete was of great density and hardness and, 
at the other extreme, when it was very poor indeed. 
In between these limits the depth of the trough probably 
varied from nothing toa maximum. As to the depth of 
penetration it seemed that this was effectively about 
1/64th or 1/32nd of an inch depending on the quality 
of the concrete. 


Mr. Singleton-Green had also asked about floor 
conditions and had pointed out that it would not be 
known what the floor was like until it had been tried, and 
consequently advantage could not be taken of the 
optimum period of application. The conditions to which 
the floor would be subjected were known. If these 
were going to be rigorous, sodium silicate should be 
specified when the floor was being put down and ad- 
vantage could then be taken of.the factor under dis- 
cussion. Almost any floor at any time, however, would 
benefit from such an application. The present point 
was to show that there was an optimum of which 
advantage could be taken. 
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Gap grading was a subject on which he had to admit 
that he had no experience ; it was one upon which he, 
himself, looked forward to enlightenment. As regards 
the various questions relating to the Fig. 2, he would 
like to repeat that this was diagrammatic and not 
related to any specific job. It was typical of a whole 
number of jobs and that was why it had been introduced. 
In examining causes of quite a number of troubles of 
which he had had full record, it had been found that 
although the trouble might be reported as slow setting, 
slow hardening, low cube strength, or in various other 
ways, there was always one constant factor which was an 
aggregate grading of the type indicated. There were, 
of course, always other factors ; these varied, but the 
one quoted occurred in every case. 

As concerned Mr. Singleton-Green’s point about the 
non-static nature of jobs, he would point out that 
that was not the meaning which he had intended : what 
he had meant was that a job, once completed, was a 
matter of history and a true record of it remained the 
same. 

He agreed with Mr. Singleton-Green that it would be 
very desirable to have a measure of quality distinct 
from that of strength, and added that another very 
desirable introduction would be a means of determining 
the eventual quality of the concrete while it was still 
in its fluid state. 

He had been very interested in Mr. Whitaker’s 
remarks on his experiences in America and the use of air 
entrainment in that country. In this respect also he 
appreciated the contribution made by Mr. Fisher who 
had given us the benefit of his own experiences. As 
regards American practice, the author had no personal 
experience but had been told that it was necessary to 
take into account the fact that concrete in that country 
was not normally of the quality which we should expect 
here, and that, as a result, additives offered an easy way 
of cutting down the water and so improving the quality. 

As concerns the figures quoted in Table 2, he referred 
firstly to the correction which should be made in the 
last figure of Column 1 which should read ‘1760’. He 
then added that these related to American cements and 
he could not say that they were necessarily typical of 
cement bought in the open market in this country. 
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The point was, however, that they all showed the great 
increase of strength for a small addition of calcium 
chloride and, in addition, gave three points on a curve 
which showed the relationship of the effect to the 
C3S content. 

He was afraid he could not answer Mr. Hennessey’s 
question as to the precise composition of sulphate- 
resisting and heat-resisting’ cement produced in this 
country ; by sulphate-resisting he took it that Mr. 
Hennessey meant the modified Portland type cement, 
as no others were manufactured commercially here. 
The ingredients, so far as he knew, were substantially 
the same as for ordinary cements, but with a modification 
of the final compounds formed. The American speci- 
fication, for example, required a lower tricalcium 
aluminate content in sulphate-resisting cements. 

The mixing of Portland cements and high alumina 
cements was a very dangerous thing to do and generally 
to be avoided at all costs. 

Reverting to Mr. Donovan Lee’s question on the size 
of the air bubble in concrete, it was necessary to remember 
that the air bubble left in by accident was very different 
from that introduced in air entrainment. Artificially 
induced air consisted of discrete bubbles dispersed 
through the mass whereas the air ordinarily entrained 
during mixing resulted in bubbles of greatly varying 
sizes scattered indiscriminately, and liable to be con- 
nected by capillary paths. He found Major Holt’s 
suggestion of-the reintroduction of air a most interesting 
one, but it seemed to, him that it might be a little 
expensive. 


Written Communication 


In a written communication, Professor A. BADIAN 
(Member) points out the danger of using sugar as an 
additive to concrete. The author replies :- 

I am entirely in agreement with what is said. Sugar 
is a highly dangerous additive to concrete. In the 
paragraph in question in the paper, I have simply 
indicated some of the commoner materials which affect 
the setting time of concrete and I have expressly warned 
the general practitioner against experimenting on his 
own account as all treatments which affect the setting 
time weaken the resultant concrete to a sign ifica nt degree 


Book Reviews 


Elementary Structural Design, by C. O. Harris. 
Chicago : American Technical Society ; London : Tech- 
nical Press, 1951. 163 pp., 11 in. x 84in., Illustrated, 4os. 

Professor Charles Harris of Michigan State College, 
states that his aim has been to produce an introductory 
course for college students and for those wishing to 
study the subject at home. 

The clear text, profusely illustrated by first-class 
diagrams and drawings, is presented in such a manner 
that the reader can master the material without 
assistance. 

It is assumed that the reader possesses no knowledge 
of statics or elementary elasticity, but it is unfortunate 
that formule relating to these two subjects are 
presented without proofs of any kind. 

The chapters on steel beams and reinforced concrete 
floor slabs quote working stresses and elastic constants 
which do not accord with British Standard recommend- 
ations or London bye-laws, and symbols used are not 
those normally adopted in this country. 

The book will be most useful to those studying for 
the Intermediate and Final Examinations of the 
R.I.B.A., and to first year students of the ordinary 
National Certificate in Building. 


First year University men may regard it as a useful 
second textbook, and a good illustration of American 
design methods. D.. W..& 


A Code for Sewerage Practice, by L. B. Escritt. 
(Contractors Record and Municipal Engineering, 1950.) 
73, pp:, 82 im: x 54 imo 7s. 6d. 

This concise handbook on sewerage practice is divided 
into three sections, sewerage, drainage building and 
sewage disposal works. Data are given for both towns 
and for isolated buildings, and recommendations are 
included in many instances. The book is illustrated 
with line drawings and tables. 


Hydraulic Diagrams. No. 3. Design of Surface- 
Water Sewers. Frequency of Rainstorms. (Con- 
tractors’ Record and Municipal Engineering, 1950.) 
74 in. X 5 in. 4s. (3s. 6d. per copy for not less than 
Six copies). 

This is one of a series of hydraulic diagrams framed tc 
assist water and drainage engineers in their calculations 
By a short system of trial and error the requirements 
for the design of surface-water sewers are found, accord 
ing to the Lloyd-Davies formula. The diagram is ¢ 
thin, pocket-size, convenient for carrying about. 


October, 1951 


. The CHAIRMAN, proposing a vote of thanks to the 
Authors, said all were grateful to Mr. Hole and Mr. Eales 
for having put on to paper an almost epic story of 
achievement, an achievement against odds of weather, 
shortages of materials, shortages of labour and the 
thousand and one other factors which could so easily 
have set back their schedule and prevented the com- 
pletion of the work on time. All would wish to join in 
congratulating them heartily on a magnificent job 
well done. 


(A cinematograph film was then exhibited, showing the 
erection of the roof trusses on the Royal Festival Hall). 


Mr. GuTHLAC WILson (Member) recalling Mr. Hole’s 
remark, when presenting the paper, that he had con- 
‘sidered reinforced concrete was the ideal material for 
the construction of the concert hall, said that when his 
firm had first come to the job they had thought so and 
they had thought so all through, although they had 
found a definite pre-conceived opinion that it ought to be 
done in steel, in the interests of speed. Looking back, 
however, he did not think it could have been built 
faster in any material than it was built by Messrs. 
Holland & Hannen and Cubitts, Ltd., who had achieved 
a remarkable record. 


Some people had asked why the roof was not made o 
reinforced concrete, as a shell roof. The answer 
was plain when one saw how the ceiling was suspended 
from it, and the mass of pipes and ducts that passed 
through the girders. He did not think a shell roof 
would have been quite so helpful in meeting all the 
conditions which had arisen, nor could the work have 
been done so quickly, as would be appreciated after 
having seen the film showing the erection of the roof 
trusses. 


The Royal Festival Hall, said Mr. Wilson, was the 
last major work in which his late partner, Mr. W. L. 
Scott, was engaged, and in many parts it reflected the 
results of his many years of experience in reinforced 
concrete. 


Mr. A. C. Vivian (Member of Council), in order to give 
an idea of the size of the job, in addition to that given by 
he pictures the authors had shown, asked what was the 
umber of man hours devoted to the work. Did the 
ontractors run the whole job on a man hour basis, 
lanning on the basis of so many man hours for each 
articular trade ? 


Raising the controversial matter of incentives, Mr. 
ivian said he appreciated very thoroughly the point 
made by the authors that the job was essentially one 
or planning from start to finish, there being presumably 
a central Planning Department, aided by the material 
hasers and progress men on the site. But in addition 
to planning, and in addition to the very admirable 
ystem described for ensuring that the whole of the 


*Read before the Institution of Structural Engineers at 11, 
pper Belgrave Street, London, SW x; on Thursday, 29th March, 
1951, (The President, Mr. J. E. Swindlehurst, M.A., M.I.C.E., 
in the Chair). Published in the STRUCTURAL ENGINEER, Vol. 
XIX, No. 3, p. 78, March, 1951. 
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The Construction of the Royal Festival Hall 


Discussion on paper by Mr. E. Roland Hole and Mr. F. C. Eales* 


people engaged on the work were kept in touch with all 
that was going on, was it also found possible to offer an 
incentive bonus? If so, were the contractors able to 
introduce an incentive bonus based on certain trades, or 
did they consider, even if they did not adopt it, the 
possibility of producing a scheme whereby they could 
pay an incentive bonus assessed on a percentage com- 
pletion of the work as a whole. 


Mr. M. M. Kuan (Member), referring to the excavations. 
said there were four fairly large machines for the ex- 
cavation work, and their output might be assessed at 
something of the order of 2,000 cu. yards per day ; the 
actual output from similar machines in use before had 
been greater than 2,000 cu. yards per day. But he had 
noticed that that capacity on the site had actually 
produced an output of the order of only goo cu. yards 
daily, and he wondered why there was such a difference 
between what might have been expected and what 
was attained. It might have been due to lack of lorries, 
or to weather conditions, or other matters. 

Presumably the hard excavations on the site were the 
foundations of the earlier buildings. They were fairly 
old, and therefore it might reasonably be assumed, in the 
absence of more information, that they were made 
with lime concrete, or might consist of bricks or stone- 
work built in Jime. He would have thought that an 
easier method than the use of the pneumatic hammer 
might have been considered. 


Referring to the rooters pulled by D.8. tractors, 
probably they were turned down because the hard 
excavation was not widespread. 


The well point system was a very interesting method of 
lowering ground water, but it was also very expensive, 
as the authors had stated in the paper. 


The sheet piling presumably had quite a big bearing 
on the de-watering of the site. To avoid undermining 
by suction of fine material, it had been considered 
desirable to put sheet piles on one side of the site, and 
later on, piles were extended to the other side, i.e., the 
river side. So that nearly half the periphery of the site 
was sheei-piled, the piles going right down into good 
clay. The problem was that if the sheet piling had been 
continued right round the site it would have entailed 
something like another 300 tons of steel in piling, the 
cost of driving them and the cost of extracting them. 
If the salvage value of the piles after extraction were 
taken into account, it represented half the extra cost 
entailed in continuing the sheet piling right round the 
site. Mr. Khan wondered whether the net cost of that 
additional sheet piling had been considered against the 
cost of the well point de-watering. The comparison 
might throw some light on why the well point system was 
used. But the driving of sheet piling right round the 
site might have given quite good security. After all, 
there were four diesel pumps in operation all the time, 
the cost of which must have been fairly considerable. 


Coming to the very bold method of constructing 
foundations in mass concrete, Mr. Khan referred to the 
process of depositing stone rejects in position and 
subsequently grouting. It was a very speedy method 


284 


to use, but he supposed many engineers would be horri- 
fied to think of putting much load on that concrete. 
Obviously it was difficult to estimate its strength ; 
but normally foundations of that type did not carry 
very heavy forces, and where the stresses were low he 
was heartily in favour of using that method. 


Finally, Mr. Khan drew attention to a printers’ error 
in the paper, in the spelling of the name of the very 
famous McKiernan Terry hammer (p. 82, second column). 


Mr. H. G. HUCKLE, speaking as an architect, said that 
recently in one or two journals there had been some 
comments on the methods by which jobs were being 
carried out, following the report of the Building Pro- 
ductivity Team which had visited America. One of 
the criticisms, which he could not help feeling was 
against the architect, was that drawings were not com- 
pleted before the job commenced, so that the Quantity 
Surveyor did not prepare a full Bill-of Quantities, but 
had to re-measure. It was said that this was bad and 
cost money. 


It appeared from the very last paragraph of the paper, 
where it was stated that a copy of the key plan was 
posted in the architect’s office as a solemn warning that 
it was “ now or never ”’ for the details of holes, fixings, 
etc., required, that that part of the job had been done 
with full collaboration between the contractors, the 
architect and the engineer, and that the drawings had 
been produced as the building work had proceeded. 
Leaving out the all-important question of time, he 
asked if Mr. Hole could say whether in his opinion the 
construction of the Royal Festival Hall had been a good 
and economical job—in other words, whether in that 
particular case we were teaching the Americans some- 
thing. 


Reply to the Discussion 


Mr. Ears, replying to Mr. Khan’s question on 
excavation, concerning the relationship of the output 
capacity of the plant on the site to the actual output, 
said the only answer was that the lower actual output 
was due to the high proportion of hard material en- 
countered in the excavations ; there was something of 
the order of 11,000 cu. yards of hard material out of the 
63,000 cu. yards of total excavation, and the reduced 
output of the plant was due largely to that. 


Dealing with the question as to whether some other 
method of dealing with the hard excavation might have 
been preferable to the use of the pneumatic hammer, he 
said the hard excavation did not consist of relatively 
weak lime concrete, but it was extremely hard concrete. 
The question of dealing with it in another fashion was 
considered, of course, but the conditions governing the 
excavation having to excavate a trench 
around the whole site down to the water level, and to 
permit of the installation being carried out at the same 
time as the excavation proceeded—meant that they 
could not deal with the hard material over a large area, 
but had to nibble at it in small quantities. He agreed 
that if they could have had access to the whole area 
and could have carried out the excavation and breaking 
up as apart of the one process, in all probability another 
method would have been selected. 


The next point was whether it might have been more 
economical to drive sheet piling all round the site and 
to deal with the water by other means than by installing 
the well point system. The main consideration there 
was that the sheet piling of both the railway side and 
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the river side did not arise until the excavation was well 
under way, at least down to the water level, and it was 
then in effect too late. The relative economics of the 
two systems could not really be considered, because one 
would not entirely replace the other. 


With regard to the suction of fine material from the 
viaduct side, he said there’ should not have been any 
danger of the suction of the fine material there. But, 
of course, the ideas of the Railway Executive and their 
engineers had to be considered, and he believed it was 
true to say that it was not entirely in the hands of the 
contractors to decide on the matter. 


As to the placing and grouting of reject stones in the 
basement he said the concrete there was not in any 
sense structural ; it was required there by reason of its 
weight. He believed—although the matter was out 
of his province—that stone rejects alone would have 
been sufficient, but grouting was used to make a more 
perfect job. 


Mr. Hote, replying to Mr. Guthlac Wilson, said it 
was very pleasing that so fine a structure would remain 
as one of the last pieces of work on which Mr. Wilson’s 
late partner, Mr. Scott, was engaged ; one was quite 
sure that his great experience was a very great asset to 
the whole job. 


The question of incentives and man hours and of how 
such matters were arranged, involved quite a long 
story. An incentive system was in operation through- 
out the whole job, and the man hours were calculated 
very carefully at the outset of the work ; they were 
related to small units of work and were used as targets, 
agreed upon by the representatives of the men as being 
fair targets, having regard to the conditions under which 
the work was carried out. There were men engaged on 
the site to check the amount of work done against the 
hours worked, and the bonus was paid on the agreed 
basis from those calculations. The method had proved 
of very great value throughout the job. The bonus was 
related to all the trades and applied with the trades 
throughout. The targets fixed, of course, were related 
to the planning, and they were adjusted as the con- 
ditions were varied, as obviously they would vary by 
reason of the changes brought about by the adjustment 
of planning. 


Commenting on Mr. Huckle’s question arising from 
the findings of the Building Productivity Team which 
had visited America, to find out why in America things 
were done so well, Mr. Hole said it could not be doubted 
that if the drawings were completely available before 
the work started they would help everyone concerned. 
But he could not speak at first hand on what the economy 
would have been as the result of so doing ; he was 
afraid he had not experienced that situation! He 
could state quite definitely, of course, that the building 
of the Royal Festival Hall was a very economical job ! 
Further, he did feel that, bearing in mind the task of 
the architect—and, incidentally, the task of the en- 
gineers, because it was upon them that the contractors 
had relied for such a long time—the bringing together 
of the information on the site as required to meet the 
very fast time schedule was a great achievement. 
The work was helped by very careful planning ; and the 
value of the planning was that time was not wasted in 
the drawing office. Everyone knew what was wanted, 
and even if they could not have it just. when they 
wanted it, at least it was known, and when they did 
get it they were all very grateful. 


Metober, 1957 
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PRESIDENTIAL ADDRESS—SESSION 1951-52 
A General Meeting of the Institution of Structural 
ngineers will be held at 11, Upper Belgrave Street, 
London, S.W.1, on Thursday, October 11th, 1951, at 
6 p.m.; when Mr. Walter C. Andrews, O.B.E., M.I.C.E., 
“M1 Struct.E., will be installed as President for the 
ession 1951-1952, and will give the Presidential Address. 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
selgrave Street, London, S.W.1 :-— 


Thursday, October 25th, 1951 
4 Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Dr. P. W. Abeles (Member) will give a paper on 
“Some New Developments in Prestressed Concrete.’’ 


Thursday, November 22nd, 1951 

_ Ordinary General Meeting for the election of members 
vat 5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. G. B. R. Pimm, M.I.C.E. (Past-President), 
will give a paper on “The Structural Engineer as 
Arbitrator, Expert Witness and Advocate.”’ 


Thursday, December 13th, 1951 

_ Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by a Joint Meeting with the 
British Section of the Société des Ingénieurs Civils de 
France at 6 p.m., when Monsieur L. P. Brice will give a 
paper entitled ‘‘ Construction of the Temple Barrage 
on the River Lot.” 

Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


JANUARY EXAMINATIONS 
The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
January 8th and goth, 1952 (Graduateship), and on 
January toth and 11th (Associate-Membership). 


INSTITUTION PUBLICATION 

The Institution has issued the following publication, 
copies of which are now available: 
32/1951. First Report on Prestressed Concrete 

Price 3/6 ; 
_ Corporate members of the Institution may obtain one 
copy free upon application. The report is available to 
Non-corporate members and others at the published 
price, and additional copies may be purchased by 
corporate members. Copies may be obtained from the 
Tnstitution’s offices, 11, Upper Belgrave Street, London, 
S.W.1. 


THE BUILDING EXHIBITION 

The Directors of the Building Exhibition, which is to 
be held at Olympia from November 14th to 28th, 1951, 
have extended an invitation to all members of the 
Institution to attend the Exhibition on Friday, Novem- 
ber 23rd, 1951. Admission tickets, for use on the day 
of the official visit, or on any other single day, may be 
obtained on application to the Secretary. 


THE INSTITUTION OF ROYAL ENGINEERS 


The Council of the Institution of Royal Engineers have 
asked that it be brought to the notice of members of this 
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Institution Notices and Proceedings 


Institution who may have served as commissioned 
officers in the Corps that they are eligible to become 
either Full or Associate-Members of the Institution of 
Royal Engineers, Chatham. The Secretary is Brigadier 
C. C. Phipps, C.B.E., M.C., to whom all enquiries should 
be addressed. 


RESEARCH AWARDS 


The Council have instituted a Research Prize Fund, 
from which awards may be made annually to the author 
or joint authors of papers describing original research 
which they have carried out. Research awards may 
be made for papers read at Headquarters or in the 
Branches and published ‘in the Journal, or for papers 
published in the Journal only without being read at an 
open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :—. 

(a) investigations of an experimental or analytical 
character ; 

(b) studies of historical or statistical records ; 

(c) improvements in principles or methods of con- 
struction ; 

(d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 

(e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 

In cases where the research work described in the 
paper was not the work of one individual, the names of 
all the collaborators should be given in the paper. 

Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in. 
preparing papers for reproduction in the Journal, authors 
must comply with the conditions laid down for all such 
contributions. Particulars of these conditions may be 
obtained from the Secretary. * 

In judging research papers, the following factors will 
be considered :— 

(a) the nature of the subject and its conclusions ; 

(b) ‘the value of the paper in advancing the science 
and art of structural engineering ; 

(c) the standard of preparation and orderly arrange- 
ment of the subject matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1950, and September, 1951, is October 31st, 
1951. 


THE MACLACHLAN LECTURE 


GENERAL CONDITIONS 
Through the generosity of Mr. John MacLachlan 
(Retired Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed for by 
Associate-Members. The conditions of the presentation 
are as follows :— 
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1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture and to be held annually. 

2. The subject of the Lecture may be on any aspect 
of Structural Engineering so long as in every second year 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution, 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture is submitted or because no lecture submitted 
is considered to be of sufficient merit to warrant an 
award, or for any other reason, the Institution shall 
transfer these sums to the Research Fund of the Insti- 
tution. 


PARTICULARS OF THE COMPETITION FOR 1952 


1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1952. 

2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should 
be embodied in appendices. Photographs, drawings, 
graphs, etc., which would appear as illustrations to the 
lecture in published form, should accompany the script. 
If additional illustrations would be shown as slides, a 
list of these should be included. 

4. Six copies of each Lecture should be submitted 
and should be addressed to the Secretary of the Institu- 
tion. 

5. The closing date for the receipt of entries by the 
Institution is Monday, March 31st, 1952. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


A meeting of the Section will be held at 11, Upper 
Belgrave Street, London, $.W.1, on Tuesday, November 
13th, 1951, when an informal discussion will be presided 
over by Mr. Leslie Turner, B.Sc., M.I.C.E. (Past- 
President), Mr. S. M. Reisser, B.Sc., A.M.I.C.E. (Member) 
and Mr. C. H. Hockley (Associate-Member). 

Hon. Secretary : D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 


The opening meeting of the Session will be held at the 
Engineers’ Club, Albert Square, Manchester, at 6.30 p.m., 
on Tuesday, October 16th, when the Chairman’s Address 
will be given by Mr. R. Gray (Member). Films of the 
new Tyne Bridge and the Ford Works at Dagenham 
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will be shown. The President and the Secretary of the 
Institution will attend the meeting. 

Hon. Secretary; A, S:' Sinclair, A:MiIStructigg 
28, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 

The Branch Annual Dinner will be held at the Botani- 
cal Gardens, Birmingham, on Saturday, October 6th. 

A meeting will be held at the James Watt Memorial 
Institute, Birmingham, at 6 p.m., on Friday, October 
26th, when the Chairman’s Address will be given by 
Mr. W. H. Veal, F.R.I.C.S. (Member). 

On Monday, November 5th, a meeting will be held at 
Derby at 7 p.m., when the tollowing films will be shown : 
“San Francisco Bay Bridge,” ‘‘ Collapse of the Remagen 
Bridge,”’ ‘‘ Loch Sloy,” “‘ Plan into Action.” 

On Friday, November 23rd, a meeting will be held at 
the James Watt Memorial Institute, Birmingham, at 
6 p.m., when Mr. F. Brooksbank, B.A., (Graduate) will 
give a paper on “ Designing for Welding.” 

Hon. Secretary: E. R. Deeley, A.M.I-Struct.E, 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings will be held at the James 
Watt Memorial Institute, Birmingham :— 


Monday, October 29th, 1951, 7 p.m. 
Paper by Mr. J. S. Allen (Graduate), on ““ The Dome 
of Discovery.”’ ’ 


Thursday, November 29th, 1951 
“Some Recent Midland Structures.” 
Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 

The opening meeting of the Session will be held at the 
Cleveland Scientific and Technical Institution, Middles- 
brough, on Tuesday, October 2nd, when the Chairman’s 
Address will be given by Mr. J. Gerrard, M.I.Mech.E. 
(Member). The meeting will be repeated at the Neville 
Hall, Newcastle, on Wednesday, October 3rd. Both 
meetings will commence at 6.30 p.m., preceded by tea 
at 6 p.m., and will be attended by the President-Elect 
and the Secretary of the Institution. 

A meeting will be held at Middlesbrough on Tuesday, 
November 6th, at 6.30 p.m., when Mr. G. M. Boyd 
(Associate-Member) will give a paper entitled “‘ Contrast 
and Similarities between Ship and Land Structures.” 
The meeting will be repeated at Newcastle on Wednes- 
day, November 7th. 

Hon. Secretary: Jan MacGregor, M.I.Struct.E., 
g, Ellison Place, Newcastle-upon-Tyne, I. 


NORTHERN IRELAND BRANCH 

The opening meeting of the Session will be held at the 
College of Technology, Belfast, at 7.30 p.m., on Tuesday, 
October 2nd, when the Chairman’s Address will be given 
by Mr. M. C. Gillies (Member). 

A meeting will be held at the College of Technology, 
Belfast, at 7.30 p.m., on Tuesday, November 6th, when 
D:. R. M. Kenedi, A.R.T.C., will give a paper on “ The 
Use of Equal Strength Principles in the Design of Siruc- 
tures for Minimum Weight.” 

Hon. Secretary : S. G. Duckworth, M.I.Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


The opening meeting of the Session will be held at th 
Ca’doro Restaurant, Glasgow, at 6 p.m., on Wednesday, 


Yovember 7th, when the Chairman’s Address will be 
iven by Mc. R. Summers (Member). 

The Annual Dinner and a Buffet Dance will be held at 
the Central Hotel, Glasgow, on Thursday, November 8th. 
f Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E., 
M. LStruct.E., tr, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 


__ A Meeting of the Branch will be held at Plymouth on 
Friday, November 2nd, when the Chairman’s Address 
will be given by Mr. L. F. Vanstone, L.R.I.B.A. (Mem- 
ber). The President and the Secretary of the Institution 
will be present. 

Hon. Secretary : E. W. Howells, M.1.Struct.E., 
Messrs. T. L. Harding & Sons, Ltd., 10/12, Mar ne 
Street, Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 


_ The opening meeting of the Session will be held at the 
South Wales Institute of Engineers, Cardiff, at 6.30 p.m., 

on Tuesday, October 30th, when the Chairman, Mr. G. H. 
Hodgson, M.I.C.E. (Member) will give an Address on 
“ Problems in the Conveyance and Storage of Crushed 
Rock.” The President and the Secretary of the Institu- 
tion will attend the meeting. 

wt Chairman’s Address will be repeated at the 
Mackworth Hotel, Swansea, on Wednesday, October 
31st, at 6.30 p.m., when it will be followed by discussion, 
and at the County Buildings, Colwyn Bay, on Saturday, 
November roth, at 6 p.m. 

' On Wednesday, November 28th, a meeting will be 
held at the Mackworth Hotel, Swansea, at 6.30 p.m., 
under the title “Structural Engineering Questions 
Answered.’ The meeting will be repeated at Cardiff on 
uesday, December 4th. 

Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 


The opening meeting will be held on Friday, October 
5th, at 6 p.m., when the Chairman, Professor A. G. 
esley,0.b.H., D:Sc.; M.I.C.E., F.R.AeS. (Member), 
will give an Address entitled ‘‘ Structural Engineering 
and the Universities.’’ The President and the Secretary 
of the Institution will be present. 

A Joint Meeting with the Institution of Civil Engineers 
will be held at 5.30 p.m. on Thursday, November Ist, 
hen Mr. E. Bateson, M.I.C.E. (Member) will give a 


Hon. Secretary - ¢€ EE. Saunders, M.1-Struct.E., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 


YORKSHIRE BRANCH 


_ The opening meeting of the Branch will be held at the 
Great Northern Hotel, Leeds, on Wednesday, October 
17th, at 6.30 p.m., when the Chairman’s Address will be 
given by Mr. A. Robb, B.Sc., A.M.I.C.E. (Member). 

A meeting will be held on Wednesday, November 2st, 
When Mr. T. E. S. White, B.Sc., M. L.C.E., will give a 
paper on “ The Baitings Reservoir.” 

_ Hon. Secretary : E. Wrigley, A.M.I.Struct.E., City 
Engineer’s Department, Civic Hall, Leeds, 1. 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 


A.M.I.Struct.E., P.O. Box No. 3306, Johannesburg. 
During week- -days, Mr. Tait can be contacted in the 
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City Engineer’s Department, City Hall, Johannesburg. 
‘Phone 34-IIII, ext. 257. 


Natal Section Hon. Secretary: E. G. Benneit, 
A.M:L.Struct.E., c/o. Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 


Cape Section Hon. Secretary : R. Stubbs, M.L.Struct.E., 
P.O. Box 1692, Cape Town. 


ADDITIONS TO THE LIBRARY 


ARCHITECTS” YEARBOOK, 3. 
by Mr. G. Crossley. 


AMERICAN SOCIETY FOR TESTING MATERIALS, Proceed- 
ings, Vol. 49, 1949 ; Book OF STANDARDS, 1949, and 
1950 SUPPLEMENT, Pt. 2. Philadelphia, 1950. 

Barkas, W. W. (D.S.I.R. Forest Products Research. 
The Swelling of Wood under Stress. London, 1949. 


Brirp, E. L. and Docxine, S. J. Fire in Buildings. 
London, 1949. Presented by Mr. C. E. Cannons. 
Central Board of Irrigation, India, 
(Technical), 1948, Pis. I and II. 


CHALMERS, Bruce, Editor. 
London, 1949. 


London, 1949. Presented 


Annual Report 
Simla ; 1949. 

Progress in Metal Physics. 
Presented by Professor A. G. Pugsley. 


Colston Papers. Engineering Structures. London, 
1949. Presented by Professor W. Fisher Cassie. 


Crimp and BruGes. Tables and Diagrams for use in 
designing Sewers and Water Mains. 2nd Edition. 
London, 1949. 


Escritr, I Be vand Riche Ss) hk hea ork ot che 
Sanitary Engineer. London, 1949. 
Farey, C. A., and Epwarps, A. T. Architectural 


Drawing, Perspective and Rendering. London, 1949. 
Presented by Mr. E. G. Warland. 


Grecory, E., and Others. Engineering Materials. 
London, 1949. Presented by Dr. C. M. Moir. 


Iron and Steel Directory and Handbook, 6th Edition. 
London, 1950. Presented by the Publishers. 


Low, B. B.. Mathematics : A Textbook for Technical 
Students. London, 1948. Presented by Mr. E. J. 
Gouk. 


Manson, J. L., and Drury, F. E. Experimental Building 
Science, Vol. II, Pc. I. Mechanics of Structures. 
2nd Edition, Cambridge, 1950. Presented by Mr. 
H. H. Clapham. 


REINER, Markus. Deformation and Flow: An Ele- 
mentary Introduction to Theoretical Rheology. 
London, 1949. Presented by Professor W. T. Mar- 
shall. 


Tees-side Chamber of Commerce and Tees-Side Industrial 
Development Board. Tees-Side Enterprise. Derby, 
1950. 

Van LANGENDONCK, T. 
Sao Paulo, 1950. 


Calculo de Concreto Armado, 


Wynn, A. E. Estimating and Cost-Keeping for Con- 
crete Structures. 2nd Edition. London, 1949. Pre- 
sented by Mr. W. Barber. 


Wynn, A. E. Design and Construction of Formwork 
for Concrete Structures. 4th Revised Edition. 
London, 1947. Presented by Mr. W. Barber. 


Youn, C. R., and Morrison, C.F. Elementary Struc- 
tural Problems in Steel and Timber. 3rd Edition. 
New York, 1949. Presented by Mr. W. Fitton. 
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Book Reviews 


Welded Deck Highway Bridges (Edited by James 
G. Clark). Cleveland, Ohio: James F. Lincoln Arc 
Welding Foundation, 1950 ; 247 pp., 82 in. x 5? in, 
Illustrated $2.50. 

Many structural engineers will be familiar with 
the competitions organised by the James F. Lincoln 
Arc Welding Foundation to encourage the development 
of the design of welded structures." This recently 
published book describes and illustrates very clearly 
selected designs from the 1949 Award Programme 
‘““ Welded Bridges of the Future,” in which the specific 
task was to design a two-lane deck highway bridge, of 
welded steel construction, supported on two end piers 
120 feet apart. 

Designs were submitted by bridge engineers of state 
highway departments, consulting engineers, designers 
of steel fabricating companies,- structural engineers of 
research organisations, and University professors of 
structural engineering, and entries were received from 
twenty countries. The varied character of the designs 
will be evident from the following brief descriptions of 
those awarded the first three prizes :— 

I. One space truss of triangular cross section with 
two top chords and one bottom chord, employing 
new steel shapes in both chords for easier assembly 
and ecoriomy of metal. 

2. Two vertical girders with steel deck of 3 in. 
floor plate welded to Y-shaped stringers, composite 
action between steel deck and girders. 

Two vertical trusses using I2 in. and 10 in. pipe 
as members, and new shapes to facilitate making 
the welded connections. 

Many other types of main frame were employed, 
including—to quote from the introduction—‘a tied 
arch, a two-hinged arch, a stiffened arch, an inverted 
arch, a modified Vierendeel truss, a girder with large 
holes, a truss and girder combination, a tensed cable, 
a rigid frame, a forked frame, and a cellular box.”’ 

It must not be thought, however, that the entrants 
sought only the unusual or spectacular ; ingenious 
constructional features were evolved, but generally 
they were not introduced at the expense of sound 
practical design. Details of quantities and estimated 
costs were required to be submitted, and some discussion 
on this subject is included in a final chapter. 

Professor James G. Clark, who edited the book, was 
himself a member of the Awards Panel, under the 
chairmanship of W. M. Wilson, Research Professor of 
Structural Engineering, University of Illinois. The 
Lincoln Arc Welding Foundation hope that “the 
publication of some of the excellent ideas presented in 
this programme will benefit the field of bridge engin- 
eering ’’—and it need only be said that most bridge 
engineers will find something of interest and value 
in these ideas. THA G) 


Theory of Structures, by H. W. Coultas, 3rd Edition 
(London : Pitman, 1950)) 538 pp., 84 x 54 ; 20s. 

The third edition of this book, planned to cover the 
syllabuses of the university and professional exam- 
inations in the theory of structures, has been revised and 
brought up-to-date. A chapter has been added dealing 
with methods of analysis which have been developed 
since the publication of the second edition, the method 
of “slope deflection ’’ and the ‘‘ method of successive 
approximations’ being fully stated and discussed. 


Oo 


Frames, both with and without lateral restraint, are 
considered, and it is shown how the equations for 
calculating redundant moments can be written. Many 
examples are given to illustrate the solution of various 
problems by these methods. In addition, a chapter 
has been included in which the laws of Maxwell and 
Betti have been developed, and the application of these 
laws to the mechanical solution of statically indeter- 
minate structures has been stated. 


Mathematical Solution of Engineering Problems, 
by J. Jennings. (London : Spon, 1951.) 200 pp. 9 in. 
by 54 in. 25s. 

The mention of the word “‘ mathematics’ sends a 
cold shiver down the spine of many engineers, and 
although some might be frightened at the title of this 
book, no professional engineer should be unable to 
understand its contents, and to find them useful. 

The book assumes a knowledge of algebra and trigo- 
nometry up to Ordinary National Certificate standard 
and the elementary principles of the differential and 
integral calculus, and the mathematics in it does not go 
much beyond this. 

The title is perhaps a lictle misleading, for the solutions 
of the engineering problems contained in the book are 
already known, but the author has endeavoured to show 
how certain fundamental mathematical principles can 
be of assistance to the designer in his arithmetical 
computations, for ultimately every design problem 
reduces to one of arithmetic. 

The chapter headings are briefly as follows :—Analysis 
of experimental data ; approximations, areas, volumes, 
centroids ; nomograms ; dimensional analysis ; linear 
simultaneous equations ; periodic phenomena ; statis- 
tical methods ; problems involving fractions and integral 
numbers. These give a good outline of its contents. 

The student class rather than the experienced designer 
will profit most from the book. The latter generally has 
his own methods (often the result of much “ blood, 
sweat and tears ’’) for his arithmetical computations. 

It is to be regretted that on the cover sheet the book 
is described as being planned for “ technicians.’’ The 
reviewer would have preferred the term “ technologists,” 
for the book would appear to be primarily for the use of 
designers and research workers, neither of whom can 
really be classified as technicians. 


a? 
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Civil Engineering Handbook. 3rd Edition. Editor- 
in-Chief, L. C. Urquhart. (New York and London : 
McGraw-Hill, 1950.) 1,002 plus x pages, 9 in. by 6 in. 
72s. 6d. 

This valuable handbook, compiled by leading United 
States specialists, has been revised and enlarged. All 
the main branches of civil engineering are treated in 
ten sections, on surveying, railway, highway and airport 
engineering, mechanics of materials, hydraulics, stresses 
in framed structures, steel design, cement and concrete, 
soil mechanics and foundations, sewerage and sewage 
disposal, and water supply and purification. 

In the section on surveying, new material has been 
added on photogrammetric surveying and on the legal 
authority and liability of the surveyor. New informa- 
tion is also included on hydraulics, concrete, soil m 

chanics, on the design of pavements for highways an 
airports, and on recommended loadings and practice i 
steel design. 
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The Structural Engineer as Arbitrator, 


Expert Witness and Advocate” 


.& By Gower Pimm, M.1.C.E., M.I.Struct.E., F.1.Arb. 


: Arbitration 


_ Arbitration is a method of settling disputes by 
teferring them to one or more specially appointed 
“persons, instead of in the Courts. A g.eat variety of 
matters can be referred to arbitration, but its advantages 
“are greatest when the issues are of a technical nature. 
It has the more general advantage that the time and 
place of the hearing can be fixed to-suit the convenience 
of the parties and others engaged in the proceedings. 
The text-books on the subject do not stress this point. 
In confining himself, of necessity, to certain aspects 
of such a large subject, the author felt that he could 
not do better than direct his attention mainly to this 
question :—‘‘ To what extent is the arbitrator at 
iberty to decide the issues solely in the light of his 
own technical knowledge, administrative experience 
md sense of equity, and to what exiernit must he be 
prepared for the intervention of the Courts?’’ The 
need for an answer to this question is apparent as soon 
IS We Open any text-book on Arbitration, for the first 
thing we see is a long Table of Cases. In ‘“‘ Russell on 
Arbitration,’ for example, the Table runs to 38 pages, 
and comprises some 1,500 cases to which reierence is 
made in the book. As all ordinary arbitrations are 
private, there is no record of the proceedings except in 
the papers of those concerned, and at first sight it may 
seem remarkable that there are so many cases of which 
published reports are available. Tne explanation is 
that the cases referred to are those which, for one 
Teason or another, have not been settled within the 
four walls of the arbitration room, but have reached the 
Courts. The number is so large that they cannot be 
dismissed as abnormal, and that the position causes 
some concern is evident from the following observations 
of one of the greatest authorities on arbitration in this 
country :— 
“Tf England were to come into line with international 
commercial law there should be an alteration to make 
it possible for twoparties to agree that an award should 


tons and most countries of the world, and an alteration 
in our system was of vital importance for our inter- 
national commercial relations.” 

Although this quotation refers particularly to inter- 
national relations, the words in italics apply equally in 
the domestic sense. It is true that Section 16 of the 
Aibitration Act, 1950, like the earlier Acts, states that 
inless the arbitration ag.eement expresses the contrary 
intention the award of the aibitrator is final, but like 
many other provisions of the Act this must be read in 
sonjunction with other Sections, and it is quite certain 
that the finality of an award can be challenged on 
various grounds. 

~ Many of the cases in this long list relate to the author- 
ty of the arbitrator—whether he has been properly 
(ppointed, or whether the matter is one that should go 
arbitration at all. Ochers result from the arbitrator 
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*Paper to be vead before the Institution of Structural Engineers 
‘11, Upper Belgrave Street, London, S.W.1, on Thursday, 
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be final. That law applied throughout the British Domin- 


himself having decided to “‘ state a case ’’ for the decision 
of the Court on a legal issue. Tiiese will be discussed 
later, but considering for the moment only those in which 
the question involved is the finality of the arbitrator’s 
award, when made, this question can only arise on one or 
other of the following grounds :— 

) That the arbitrator has misconducted himself. 


e: 
(2) That he has misconducted “the proceedings.” 


(3) That he has made an error of law or of fact, and 
has allowed the error to appear on the face of his award. 


The first need not be discussed at length, as it implies 
culpable misconduct, of which of course no member 
of the Institution would be guilty. If he weie,“it is 
proper that there should be the right of appeal to the 
Courts. 

Misconduct of “the proceedings ’’ applies to cases 
wheie, although there has been no moral turpitude on 
the part of the arbitrator, there has been some technical 
iriegularity, such as admitting evidence which would 
not be admitted in the Courts, or making an award 
that is not definite, or one which does not deal with all 
the matters referred and with those matters only. 

(1) above was in the 1889 Act, and (2) was introduced 
in the 1934 Act, both (1) and (2) being re-enacted in the 
1950 Act. No ag.eement between the parties can deprive 
eiti.er of the parties of the right of appeal to the Courts 
which the provisions give. They can of course enter 
into a gentleman’s agieement not to exercise that right, 
but if either party decides to be ungentlemanly, the 
other party cannot prevent him from b.eaking it. On 
the other hand, if both parties are resolved to accept 
the decision of the aibitrator for better or worse, there 
aie ways, which are quite legitimate, of making it very 
difficult for either party to depart from the undertaking ; 
for instance, they may decide that neither party shall be 
legally represented. However, an engineer of the 
stanauing that would justify his appointment as arbitrator 
should have no difficulty in stee.ing clear of serious 
iriegularities in procedure, and if he is unintentionally 
guilly of any technical irregularity, he should not 
hesivate to rectify it if his attention is called to it at the 
time. For instance, he should not insist upon accepting 
evicence in the face of a valid proiest. 

It would not appear at first sight that (3) above 
should be a pitfall, as it should be the easiest thing in 
the world for the arbitrator to avoid giving any reasons 
for his decision, and especially any legal reasons, on the 
face of his award. In that connection, however, the 
following case is perhaps one of the most remarkable 
ever decided :— 

Questions of law arose, and the arbitrator sought for 
anu obtained from a Divisional Court answers to a 
special case as to how those questions should be decided. 
He then published his award, from which it appeared 
that it was based upon the answers of the Divisional 
Court. Upon an appeal to the D.visional Court and 
laier to the Court of Appeal, both Courts refused to set 
the award aside, but on an appeal to the House of Lords, 
that House did set the award aside, on the grounds 
that the answers given by the D.visional Court were 
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erroneous, and that this error appeared on the face of 
the award. 


While the powers of the Courts in relation to arbitra- 
tion have been increased rather than diminished by 
successive enactments, it by no means follows that the 
swing toward the Courts is thereby accelerated. The 
following examples show that the result may be quite 
the reverse. 


Prior to the passing of the Arbitration Act, 1934, the 
“better or worse ’’ principle applied.to cases in which a 
named arbitrator was not or might not be impartial, 
e.g., an engineer appointed as arbitrator in a dispute 
between his client and a contractor. In a great many 
cases of this kind the Courts refused to revoke the 
authority of the arbitrator, on the grounds that “ the 
aggrieved party knew, or ought to have known, that the 
arbitrator, by reason of his relation towards any other 
party to the agreement, or of his connection with the 
subject referred, might not be capable of impartiality.” 
Section 14 (1) of the Arbitration Act, 1934, which is re- 
enacted in Section 24 (1) of the Arbitration Act, 1950, 
reversed this, and laid it down that the considerations 
quoted above do not constitute grounds for refusing to 
revoke the authority of the arbitrator. In other words, 
since 1934 it has been possible to challenge the authority 
of the arbitrator even though the party knew, when 
agreeing to his appointment, that he might not be 
impartial. The result of this enactment, making it 
clear that in such circumstances an application for 
leave to revoke would probably be successful, has not 
been to increase, the number of applications, but to 
remove the cause, which after all is the essence of good 
law-making. 


To take another example. It was formerly quite 
usual for the reference to be to three arbitrators, one to 
be appointed by each party, and the third by the two so 
appointed. The 1889 Act gave no guidance as to the 
functions of the third arbitrator. Was he on the same 
footing as the other two, in which case he would have 
to attend the hearing and the three would make a joint 
award, or was he in the capacity of an umpire, to settle 
any differences between the other two? The 1934 Act 
cleared up this point, and laid it down that in such a 
case the agreement should have effect as if it provided 
for the appointment of an umpire, and not of a third 
arbitrator. It also laidit down that when the agreement 
provides for the appointment of three arbitrators 
otherwise than as above, the award of any two of them 
shall be binding. These provisions of the 1934 Act 
are also re-enacted in the 1950 Act, and the effect has 
been to over-rule many earlier decisions of the Courts. 
Here again, by making it clear that, notwithstanding 
anything in the agreement, the third arbitrator is not 
an arbitrator in the strict sense, but an umpire, the law 
now removes the need for an application to the Court 
to clarify the position. 

One other example will be given of the way in which 
clarification, while emphasising the right of appeal to the 
Courts, has tended to reduce the number of such applica- 
tions. As it emerges from the Arbitration Act, 1950, 
it may be appropriate here to give a brief outline of the 
effect of that Act, before proceeding to the example, 
which is perhaps the most interesting of all. 


The Arbitration Act, 1950, which came into operation 
on September Ist, 1950, consolidates the law contained 
in the Arbitration Acts, 1889 to 1934, which are repealed 
by this Act with the exception of certain provisions 
relating to Merchant Shipping. So far as Structural 
Engineers are concerned, therefore, it is now “the 
Arbitration Act.’ The material provisions of the 
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repealed Acts are re-enacted in substance, and in the 
main in identical terms, but the arrangement of the 
Sections is different. It may be observed in passing, 
that while this makes for simplification of the law 
relating to arbitration, there has been the inevitable 
result that all existing text-books on the subject im- 
mediately became out-of-date to the extent that the 
references to Sections that they contain are no longer 
appropriate. This was particularly unfortunate in the 
case of ‘‘ Russell on Arbitration,” as the 14th Edition 
of that standard work, published as recently as 1949, 
was the first edition since 1935. 

As in military operations, the “consolidation” of 
Acts of Parliament gives the opportunity for the aban- 
donment of any untenable position, and the following 
extracts from the three Acts provide a remarkable 
example of that strategical principle :— 


(I) ARBITRATION AcT, 188Q. 


1. A submission, unless a contrary intention is 
expressed therein, shall be irrevocable except by leave 
of the Court or a judge... 1. x: 


27. In this Act, unless the contrary intention appears— 


“Submission ’”’ means a written agreement to submit 
present or future differences to arbitration, whether an 
arbitrator is named therein or not....... 


(2) ARBITRATION ACT, 1934 


ai (2) In this Act unless the context otherwise 
requires— 


ce 


The expression “arbitration agreement ’’ means a 
written agreement to submit present or future differences 
to arbitration, whether an arbitrator is named threin 
or not. 


(Note that this is identical with the definition of 
“submission ”’ in the 1889 Act). 


(3) ARBITRATION ACT, 1950 


I. The authority of an arbitrator or umpire appointed 
by or by virtue of an arbitration agreement shall, unless 
a contrary intention is expressed in the agreement, be 
irrevocable except by leave of a High Court or a judge 
thereof. 

Section 27 of the 1889 Act was very loose, and failed to 
distinguish between ‘‘ submission ’’ and “‘ agreement to 
submit.”’ It is true that the two can be embodied in 


‘the same document, as when it is desired to submit to 


arbitration a matter in respect of which there is no 
previous agreement to do so, but this is seldom the case 
in building or engineering arbitrations. In these the 
Arbitration Clause is the arbitration agreement, but 
there is no submission until a dispute arises and is 
referred to arbitration. 


Section I of the 1889 Act would have been quite correct 
if the dictionary meaning of “‘ submission ’’ could have 
been read into it, but Section 27 confused the issue, and 
the 1934 Act avoided it. The Arbitration Act, 1950, 
straightens things out by making it clear that ‘‘ the 
authority of the arbitrator’”’ is irrevocable, and not 
merely the arbitration agreemest, which was always 
irrevocable. It is not surprising that between 1889 and 
1950 there were many legal battles upon this issue. 

Thanks partly to the clarification of the law and partly 
to an increasing appreciation of the nature of arbitration 
it would be true to say that many cases which reachec 
the Courts in the past would not do so to-day. One 
important factor in this is that the Courts have repeat- 
edly made it clear that they will not interfere except 
for the strongest reasons. It might almost be said that 
the only cases which ought to reach the Courts are those 
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ofthe Court. In the course of an arbitration a question 
of law arises, and the arbitrator can then do one of three 
thi He can ask the parties if they are willing to 
accept his decision on the point, and if they agree he 
1 proceed accordingly, being careful, however, not to 
ve his conception of the legal aspects in his award. 
secondly, he can himself decide to state a case for the 
decision of the Court. Thirdly, if one of the parties 
presses for this course he will be wise to adopt it, but 
he feels that the party is being “‘ awkward ”’ he can 
drop a ‘hint that this may be taken into account in 
awarding the costs, in so far as they relate to the appli- 
cation to the Court. This may have the effect of 
‘reducing the pressure, without doing any injustice to 
the party who believes himself to be aggrieved. Another 
matter for reflection is that the setting aside of an 
award, or its remission to the arbitrator, does not 
necessarily mean that the ultimate decision will be 
‘materially different. 


~ In 10947 Mr. E. J. Rimmer, M-Eng., B.Sc., A.M.LCE., 

arrister-at-law, presented a very erudite and helpful 
Paper on “ The Civil Engineer as Arbitrator,’ to the 
Institution of Civil Engineers. In the discussion of 
this Paper, Mr. Stewart Brown made the following 
comforting observations :— 


“Tn a long experience of the author (Mr. Rimmer), 
am arbitrations, Mr. Stewart Brown had never heard 
him ask an arbitrator to state a special case, but he 
believed that that was due not to Mr. Rimmer’s confi- 
dence in arbitrators, but in his own ability to persuade 
an arbitrator to decide in his favour, whatever the law 
might be!” 


_ This really sums up the matter very neatly. If the 
arbitrator has confidence in himself, and if the parties 
and their legal representatives have confidence either 
in the arbitrator or in their own persuasive powers, the 
arbitrator can with perfect safety make his own decision 
‘on a point of law. If he is wrong, his decision will still 
be binding, always provided he does not allow the error 
‘to appear on the face of his award. He need have no 
scruples about this, for he may be wrong in law but 
tight in equity. As the parties have submitted their 


differences to arbitration, it may be assumed that they 
prefer the latter. 


_ There is one rather curious exception to this rule that 
an award may be invalidated if an error in law appears 
‘on the face of it. The rule does not apply if the error 
telates to a point specifically referred to the arbitrator. 


In the matter of the appointment of an arbitrator, the 
arbitration clause in most engineering contracts provides 
that disputes shall be determined by a single arbitrator 
to be agreed upon between the parties, or failing such 
agreement, to be appointed by the President of one of the 
(named) Professional Institutions. In the latter event, 
it will be observed that the word used is “‘ appointed,” 
and it is the function of the President to appoint, and 
not merely nominate or suggest an arbitrator. In 
practice the arbitrator is usually informed that his 
appointment is acceptable to both parties, and of course 
they have the right, for a valid reason, to object to a 
particular arbitrator, but apart from that the mere 
absence of a notification that the arbitrator is acceptable 
to the parties, does not invalidate the appointment. — As 
in most things in arbitration, a right that is not exercised 
at the appropriate time is deemed to have been waived. 


Perhaps one of the most difficult things with which 
the arbitrator has to deal is the question of “ costs. 

Inless a contrary intention is expressed in the arbitra- 
ion agreement, the costs are in the discretion of the 
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arbitrator. On one point the Act is very definite, 
however. Any provision in the agreement to the effect 
that the parties shall in any event pay their own costs, 
or any part thereof, is void, except that it is permissible 
if the agreement was made after the dispute arose. This 
only restricts the right of the parties themselves to 
agree to pay their own costs, and does not preclude the 
arbitrator from apportioning the costs in that way, 
although it is more usual for the costs to ‘‘ follow the 
event.’’ The former offers an easy way out of the 
difficulty, but the arbitrator will not of course be 
tempted to make an award in that form merely because 
it is the easy way. He will probably adopt the more 
usual course of directing that the costs shall be paid by 
one of the parties. It will then be his duty to settle 
the scale of the costs, and either tax them himself or 
direct that they shall be taxed, and unless he has had 
considerable experience he will be wise to take legal 
advice as to the wording of this part of his award, upon 
his own decision as to the principle. In certain excep- 
tional circumstances the arbitrator may decide to form 
his own opinion as to what the costs of the successful 
party should be, to add that to the amount of his award, 
and then direct that the respective parties shall pay 
their own costs. 


It has long been a custom for the arbitrator to direct 
that his own fees and expenses are to be paid by the 
party taking up the award, the party in question being 
entitled to recover the amount from the other party if 
the costs are awarded against that party. For several 
reasons this is unsatisfactory. The parties may settle 
their dispute before it comes to a hearing, or even after 
the hearing. In the former event there will be no 
award, and in the latter neither party will be disposed 
to take up the award. The arbitrator will then be in a 
weak position, although it is right to say that if the 
parties have acted upon legal advice their solicitors 
will see that the arbitrator’s charges are paid. But 
they may not have acted upon legal advice. In the 
second place, if the parties feel that the arbitrator’s 
charges are excessive, they have the right to apply to 
the Court to have them taxed. By far the better way 
is for the arbitrator, when accepting the appointment, 
to state what his charges will be, and get the agreement 
of both parties. The agreement should provide that if 
the reference is determined by the act of the parties 
before the award is published, the arbitrator’s fees shall 
be paid by the parties in equal shares, or jointly and 
severally. 


In conclusion, the author would make a plea for the 
setting up of a Court of Engineering Arbitration, on the 
lines of the London Court of Arbitration established by 
the London Chamber of Commerce. The arbitrator’s 
duties are sufficiently onerous in dealing with the issues 
involved, without having to be, in addition to “ Judge,” 
Clerk of the Court, usher, and all the other officers of 
the Court. All such matters can be arranged much 
more conveniently by a Court of Arbitration. 


Expert Evidence 


The Structural Engineer may be called upon to give 
expert evidence before tribunals of many kinds. He may 
be Engineer or Consulting Engineer for a project which 
is the subject of a Private Bill in Parliament, or of a 
Departmental Inquiry, and in such cases he will be 
advocating his own proposals, or endorsing the proposals 
of another engineer employed by his clients. In that 
connection it is necessary to comment upon the dictum 
that has been laid down by a very high authority, that 
the expert witness is not an advocate. In cases of the 
kind referred to he certainly is, and all that can be read 
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into the dictum is that before agreeing to support a_ 


proposal he must satisfy himself that he can do so 
conscientiously. 


In arbitrations and Court cases the position of the 
independent expert witness is somewhat diffe-ent, 
because here he is giving evidence upon issues which 
are not, if one may so express it, of his own making. 
Tne.e will be a matter in dispute, and the engineer wil 
have been asked by one of the parties to the dispute, 
after it has arisen, to give evidence on their behalf. 
How does the dictum now apply ? The author suggests 
that the same principle is involved, viz., that the 
engineer must first consider whether he can support 
the submissions of the party who has approached him, 
and if he decides that he can, he is again entitled to 
advocate their acceptance. If on the other hand they 
do not coincide with his own views, it is his duty to 
decline. It is also quite within his province to “ sift ”’ 
his client’s contentions, and to say that some can be 
supported and others cannot. 


One of the greatest misconceptions about the expert 
witness is that his participation in the case begins and 
ends with his appearance in the witness-box. His 
client’s legal advisers will see that it does not, and 
actually his real contribution is not in giving evidence, 
but in preparing evidence. A further important part 
of his duties is to advise on the questions that should 
be put to the other side. Perhaps the best way to 
illustrate his functions is to outline an actual case, from 
the time the engineer is first approached until the end 
of the hearing: 


The first communication will come from the party who 
wishes to retain him, or from that party’s solicitors, and 
will give an idea of the nature of the dispute, asking if 
he is willing to.be retained, and may or may not ask him 
to say what his fees would be. If it appears to be a 
matter in which he could assist, he will ask for further 
particulars, e.g., a sight of the relevant documents, and 
at this stage he should state his fees, whether asked to 
do so or not. The most convenient way of doing this is 
to send a copy of the Institution’s Scale of Charges, 
indicating the items which apply, and stating the actual 
fee where the Scale gives only a minimum. It is the 
author’s practice to require, in addition to the fees for 
attendance and perusal of the documents, a nominal 
“refresher ”’ of, say, £1 Is. per day for every day of the 
period commencing with the date from which he is told 
he must hold himself in readiness until the date upon 
which he is actually called. He may be told, for 
example, that the case may come on at any time in the 
week commencing January 15th, but he may not be 
called until January 22nd. During that week he would 
be unable to make any other appointments except 
from day to day, and the daily “ refresher ’’ is in the 
nature of a small compensation for that inconvenience. 
It is seldom necessary to make this charge, but the 
desired object is achieved if the obligation to pay it 
results in the client keeping the engineer closely advised 
as to the date of the hearing. 


Occasionally the engineer may be asked to say whether 
he would prefer to attend under “subpana.” It is 
unnecessary to go into the reasons for this rather curious 
question, but in the author’s opinion the reply should 
be a most emphatic negative. In some cases all the 
witnesses are called under “ subpeena,’”’ but that is a 
different matter. The point the author wishes to 
make is that the engineer should not be persuaded to 
express a wish to be so called. If he does he may find 
himself in a false position.- . 


The Structural Engineer 


Assuming now that he has made himself conversant 
with the matters at issue, and has decided to accept, the 
engineer will next prepare a report upon which his 
Proof of Evidence will be prepared. In practice, if he 
has drafted his report in suitable terms, it will be 
adopted, with little alteration, as his proof. He will 
probably have access to the proofs of other witnesses 
on questions of fact, and hé will of course include in his 
report his observations upon any other evidence so 
placed before him. 


All the “ proofs’ will go to counsel, if counsel are 
engaged in the case, and subsequently the engineer will 
be required to attend a conie,ence with counsel. If 
the case is an important one, theie may be many such 
conferences both before and during the hearing. On 
these occasions the engineer must be prepared to submit 
to a little good-natured “third degree’”’ questioning, 
but having looked at both sides of the case he will be 
able to get his own back to some extent, by suggesting 
similarly awkward questions that might be put to the 
other side when the time comes. Keterence will be 
made later to the importance of grasping similar oppor- 
tunities as the case proceeds. 


We now come to the actual hearing. As in cricket, 
one side must go in first, but it is not decided in the 
same way. Tne rule is that-the case for the plaintiff 
in a Court case, or the claimant in an arbitration, is 
first presented. The witnesses for that side then give 
their evidence-in-chief, following which they are usually 
cross-examined by the opposing counsel, and may be 
re-examined by their own counsel. Questions put in 
cross-examination are confined to matters arising out of 
the evidence-in-chief of the witness, and those put in 
re-examination to those arising out of his cross-examina- 
tion. The case for the defendant (in a Court case) or the 
respondent (in an arbitration) is then presented, and 
the witnesses for that side are examined, cross-examined 
and re-examined in the same way. The role of the 
expert witness therefore depends to some extent upon 
the side for which he is acting, as this determines the 
“timing ”’ of his appearance in the witness-box. 


It is of the utmost importance that he should be 
present when the witnesses for the other side are in the 
box, and this applies both ways. He will thus hear the 
evidence of his “‘ opposite number,’’ and will be able to 
prompt counsel with any questions arising. out of the 
evidence, that might be put to that witness in cross- 
examination. If he is for the defendant, or respondent, 
he will have the additional advantage of being able to 
suggest to counsel any questions arising out of the 
opposing evidence he has heard, that might be put to 
him in his own evidence-in-chief later. It he is for the 
plaintiff, or claimant, it is his “‘ opposite number ”’ who 
will have this opportunity of offering rebutting evidence. 


It may not be out of place to add a few words on the 
difficult problem of “prompting counsel.’’ If the 
examination of an opposing witness is completed, or in 
progress, when the Court rises, it affords an opportunity 
of putting any suggestions to counsel, either directly or 
through the solicitor, at leisure, but otherwise more 
prompt action is necessary. The usual method is to pass 
a note to the solicitor, or to junior counsel, who, if he 
thinks the point a good one, will pass it to the examining 
counsel at the opportune moment. Unless there is a very 
complete understanding between the expert witness and 
the examining counsel, he would be ill-advised to inter- 
rupt the latter, even if he were near enough to do so. 
In favourable circumstances the author has sometimes 
found that he has been able to anticipate the points he 
may wish to bring before counsel as they arise, and * 
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have the necessary “‘ chits’”’ typed out in readiness, but 
to suggest that this can always be done would be 


One thing should be mentioned in conclusion. It is 
a strict unwritten rule that if the Court adjourns while a 
witness is under examination, he should have no contact 
whatever with those on his side during the adjournment. 
This hint may remove any uneasiness that may be 
occasioned by the very proper alooiness of those with 
whom he is associated in the case. If he is not aware 

of this rule he may receive the impression that he has 
incurred their displeasure by some imperfection in his 
performance. Tne author, before he was aware of the 
tule, once spent a very unhappy week-end from this 
cause. 


The Structural Engineer as Advocate 


In the second part of this Paper some brief observa- 
tions were made on the question of whether the engineer, 
‘in the capacity of expert witness, should be an advocate 
—withasmall“‘a.’’ Aneven larger question is whether, 
_ im an arbitration, he is entitled to be, and qualified to be 
an Advocate—with a capital “A.” Tneve is no doubt 
_ whatever that it is permissible. The parties can entrust 
the conduct of the case to anyone they choose, and the 


members of the Institution who have discharged this 
duty with the utmost brilliance and success. No one 
who has been examined and cross-examined by a 
barrister will be disposed to withhold tribute to the 
members of the legal profession for the way in which 
they grasp the technicalities, and their skill in pre- 
sentation ; but engineers too are skilled in the art of 
convincing presentation, and of course they enjoy the 


Introduction 

_ The “ Vierendeél,” or ‘‘ open-frame,’’ girder, has been 
extensively employed on the Continent and elsewhere, 
Mostly in bridge construction. Few continuous girders 
of this type have been built, but many uses may yet be 
found forthem. A paper recently published in Japan’ 
deals with a method of analysis of this highly-redundant 
continuous structure, and is probably the first in the 
field. The method propounded the-e is based on the 
well-known Slope-Deflection Method, and involves the 
systematic writing of a large number of simultaneous 


eq uations and their subsequent solution by iteration. 
_ This particular structure can be analysed in a straight- 
forward way as explained below, and any method 


which is suitable for the solution of the simply-supported 
Vierendeel girder may be used. 


Outline of the Method 

(a) With one Redundant Reaction 

_ Consider a loaded Vierendeel girder simply-supported 
it its ends and continuous over a single roller support 
at the same level. (Fig. 1.) 
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_ advantage of being already conversant with the techni- 


calities. On purely technical grounds, therefore, the 
engineer is in every way qualified as an Advocate. 
The.e iemains the question ot law, which has loomed so 
large in this Paper. Here again, in the course of the 
eng:neec’s normal work. he has to deal with matters 
which contain at least an element of law, and often to 
exercise judicial and* semi-judicial powers. He is 
therefore not unfamiliar with the law, although it will 
be conceded that arguing the legal niceties is outside 
his province. The autho.’s view is that in arbitration 
the legal niceties can be easily overdone, and may even 
obscure the principles of equity. Added to this, there 
are the uncertainties of the law, and examples of both 
are given in the Paper. 

If the party against whom an award is given, or seems 
likely to be given, could be certain that an over-ruling 
decision of the Court would be in his favour, no one 
could blame him for seeking that decision, but there 
can be no such certainty. . Tne decision of the Court, 
from the point of view of the parties, may be quite 
academic. For example, it may be to the effect that 
the arbitrator has done something that he ought not to 
have done, and that the arbitration, wholly or in part, 
must begin all over again, with the same or a different 
arbitrator, as the case may be. It may be for such 
reasons it is sometimes said that arbitration is costly. 
The author submits that it is not arbitration that is 
costly, but the disavowal, by the parties in certain 
cases, of the principles of arbitration to which they 
have subscribed. ve 

Tne question for the parties to decide, therefore, is 
whether they wish to. avail themselves of every right 
the law allows them, regardless of cost, or to accept a 
decision based solely upon the technical and practical 
arguments which an engineer is well qualified to present 
in the capacity of Advocate. 


Method of Analysis of the 


Continuous Vierendeel Girder 
By Edgar Lightfoot, M.Sc.(Eng.), A.M.I.C.E., A.M.DStruct.E. 


Let the loading and the redundant support C be 
removed and replaced by a vertical unit load at C. The 
girder is now simply-supported and may be solved by 
any of the numerous methods of analysis for this type of 


A c tp B 
Fig. 1 


girder. The bottom chord AB takes up a deflection line 
which may be determined from the M/EJ diagram 
along the chord AB (the effects of direct and shearing 
forces being neglected). From Miiler-Breslau’s Prin- 
ciple it is observed that this deflection line is, to scale, 
the influence line for the reaction at C. This reaction 
may now be calculated for the applied external loading, 
and the reactions at A and B then follow simply from 
Statics. The girder may then be solved completely 
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by any method suitable for the simply-supported 
Vierendeel girder. 


(0) With more than one Redundant Reaction 


Remove the redundant reactions and apply unit 
loads in turn as before to obtain the respective deflection 
lines. These deflection lines must now be incorporated 
to give the true influence lines for the various reactions. 
This is easily done by writing and solving simultaneous 
equations, which express the fact that the actual deflec- 
tion at a redundant support is zero. The number of 
unknowns—the multiplication ratios—is one less than 
the number of redundant reactions. With the redundant 
reactions obtained from the influence lines for reaction 
the solution follows as before. 


Assumptions 


The proposed method can be generalised for flexural 
effects, but several simplifying assumptions are usual 
(at least, in a first analysis). These are : 

(x) the usual Elastic Theory assumptions ; 

(2) that the redundant supports are all of the roller 
type, except one, which is pinned ; and that these 
supports are all in line, unyielding, and capable of 
supplying reactions in either sense. 

(3) that the secondary effects due to direct and 
shearing forces, and to joint shape, can be neglected, and 

(4) that the loading is applied at the panel points 
only, and at right-angles to the line of the supports. 


Examples 


The examples chosen for solution are the two solved 
by Takabeya and Uchida in their recent paper?. 

The method of analysis to be used for solving the 
simply-supported girder will be the Maugh Panel 
Method2*, which is one of the easiest methods for 


*Tt is interesting to note here that an almost identical method of 
analysis has recently appeared. In “ Side Sway in Symmetrical 
Building Frames.’ which was published in the STRUCTURAL 
ENGINEER for April, 1950, Mr. N. Naylor presented a development 
of the well-known Moment Distribution Method which will apply 
to the Vierendeel girder with equal parallel chords. His method 
may be regarded as a particulary case of the Maugh Panel Method, 
and is slightly easier to remember and to use. The Maugh Panel 
Method, however, will also apply to Vierendeel girders and towers 
with sloping chords. 
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girders with chords equally stiff in each panel. In 
such girders the moments in the chords are identical in 
any vertical section, and points of inflection occur at 
the mid-points of the posts. 

The deflection lines of the girders will be obtained by 
use of the Conjugate Beam Method, which may easily 
be deduced from the Moment-Area Theorems. 


In Fig. 2 all members are of equal stiffness K, and 
Young’s Modulus £. Panels are of equal length and 
the chords are parallel. 

Remove the applied loading, P, and the redundant 
reaction, say B, and then apply any convenient known 
load at B. Using Maugh’s Panel method and nomen- 
clature, without explanation. 

y = $= I and «:= 0, for each panel: 
D=6+7r+s+a(2e+as+2s+6) =64+1 + 
I + (o) = 8 for each panel. 


Primary Moments 


aM — Vl 
M'ad = (3 -+s-+ «(2+ s)) =—}.Vl 
2D 
aM — Vl 
M'da = ———— (3 +7+ «) = —}.V 1 
omlD 


Panel Carry-Over Factors 
(7/D) = §; (7/D) ( + x) = $5 (s/D) (I + #) = $5 
(s/D) (1 + «)® = $. 
In the table below the primary moments are written 
in the first line and distribution follows, corresponding 


DisTRIBUTION FoR TERMINAL Moments IN THE Top AND Bottom CHorp MemBer: 
a ———————=e=SS=Ga=@m{=={={={_=—=—=—=Ee=EeE=E=E=E=E=E=Ee=e=E=_"~"™"=]"“|"__=_—_—__—_—=S=S=" 


CARRY-OVE 
FACTORS 


MOMENTS 


320 | +320 +320 +320) 


eae 


SUMMATION |-1529 | -167! | +573 | +67 | +352 | +288/+326| +3/4| +318 | +322/+279| +367) 


Table 1 
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to panel interaction. The primary moments are 
chosen to correspond to an arbitrary panel length. 


Deflection Line by the Conjugate Beam Method 


The final chord moments obtained from Table 1 are 
‘drawn in Fig. 3. 


167! 


573 


> 


SIP Ce * Veins 


1529 
Fig. 3 


Lad 


: 


_ ET is constant for the bottom chord of the girder and 
so is omitted. If 6, is the reaction at A to the M 
- loading along the bottom chord, and each panel is 
taken to be three units of length, 
18 0, = 3/2 (1671 X 16 + 573 X 14+ 353 X II + 
. ~ 326 x 8 + 318 x 5 + 279 X 2) — 3/2 (1529 
xX 17 + 67 x 13. + 288 X Io + 314 x 7 + 322 
: x 4 + 3601 x 1) 
/whence 6, = 8171/, 
pNow 9, + O = 3/2 (1671 + 573 + 353 + 326 + 
318 + 279) — 3/2 (1529 + 67 + 288 + 414 + 
$ 322 + 361) = 9583 
Thus 6 = 9583 — 8171/, = 1411/, 


The deflection at panel point 2, d,, is given by the 
_ bending moment at point 2 on the conjugate beam. 
mens, d= 8171/, X 3 + 3/2 (1529 X 2— 1671 X I) = 
a 4532 

ead. r4i4/, xX 6 + 3/2 (3601 « 5 + 322 x 2) — 

279 X 4 — 318 X I) = 23703 

Thus for P at point 5, 

Rg = (23703/4532)  P = 0.524.P 


PRIMARY 


| MOMENTS 
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Taking moments, 
6.Ra — 5 X 0.524.P = 2x P 
whence Ra = —0.103.P, and from 
Ra a Rg + Roe = je Re => 0.579.P 
(Takabeya and Uchida obtained values : 
Rp = 0.513.P, Ra = —0.094.P, Re = 0.581.P). 
All the moments in Table 2 should be multiplied by 
P.L/4000 to give correct values, where L is a panel 
length. The final moments multiplied by P.L/1000 are 
as follows, with the values obtained by Takabeya and 
Uchida immediately beneath : 


Panel (1) Panel (2) Panel (3) 
—I10 —4I —123 —87 —I103 —108 
— 8 ° —39 —I122 —87 | —103 —I107 
Panel (4) Panel (5) Panel (6) 
—69 —I4I —178 —Ill —I13I —I159 
—69 —I4I —I179 —III —I3I —I59 


The moments in the posts may be obtained at each 
panel point from the chord moments there, since EM =o 
at each joint. Direct and shearing forces may be found 
from Statics once the moments are known. 


Example 2 


This example will not be worked in full ; only the 
main results at each step are given below : 


tt Z 3 4 =p 6 Ee 8° 


Table 2 ; 
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In Fig. 4 all chord members are of equal stiffness K 
and all posts are of equal stiffness 2/3 K. Young’s 
Modulus, F, is constant throughout. The panels are 
of equal length and the chords are parallel. 


With Rs, Rc and P removed, unit load is applied 
at B and the chord moments are found to be as follows : 


(5/7)L 


(where POLO. 


7 Panels each of length "1" 


Fig. 5 


The deflection line for unit load at B with Rg, Re 
and P removed is as shown in Fig. 6. The deflection 
line for unit load at C with Rg, Re and P removed is 
the same shape, laterally inverted, and is shown dotted. 


unit load at B= > a Lirit load at C 
L ek oe ae / 
38/0 7102 6730 5133 3328 1518 y, 
15/8 3328 5133 6730 7102 38/0 
Fig. 6 


The actual deflection line for unit load at B, with Rz 
operative and such that the deflection at C is zero, is 
obtained by applying an upward reaction at C to remove 
the deflection there. This reaction must clearly be 
3328/7102 of the unit load giving the deflection lines 
above, but it could otherwise be found by writing an 
equation for the deflection at C to be zero : 

3328 — 7102.Re = 0, and thus, solving, Re = 
3328/7102. 


The actual deflection line for unit load at B with Rg 
and the loading removed is given in Fig. 7, and this 
line is also, to scale, the influence line for Rx. 


re) 3/00 $543 4328 1979 (2) -1788 oO 
(e} 0-560 1-000 0781 0-357 oO -0-323 oO 
Fig. 7 


From Fig. 7 it is seen that for P at point 5, Rp = 
0.357.P, and since the influence line for R¢ is the same 
shape, but laterally inverted, Re = 0.781.P. 


(Values obtained by Takabeya and Uchida were 
0.357.P and 0.779.P.) 
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The reactions at A and D may now be obtained from 
Statics, and the final terminal chord moments are then 
found by a final distribution, as before. 


Approximate Methods of Solution 
(a) The Method of Static Analysis 


The Vierendeel girder is often solved on the assump- 
tion of points of inflection existing at the mid-points 
of all members. This assumption is nearly correct for 
panels distant from the loading (see Figs. 3 and 5, 
above), but may lead to large inaccuracies in the 
moments in some members. The inaccuracies in 
maximum stresses, however, may not be so great, since 
direct forces contribute. The method is very useful for 
preliminary designs and for cases where the open-frame 
action is secondary (e.g., wind loading on an open- 
frame trestle). 


This method may easily be extended to the girder 
with redundant supports. In the examples above, the 
primary moments are, in fact, equal to the (final) 
terminal moments in this approximate method. Thus, 
for example, the (final) chord moment values in Fig. 3 
by this method would be 1600, 1600, 320, 320, etc. It 
is found that this method gives the slope ot the chords 
to be zero at each joint, and the joints to deflect to 
fall in line from support to load on‘each side, and thus 
Fig. 7 becomes : 


Fig. 8 


From Fig. 8 it is seen that Rp = 0.333, Re = 0.667, 
and Ra =" Ry. = "0: 


(b) Use of an Equivalent Beam 


A common device, which gives approximate values 
of the redundant reactions om continuous trusses, is to 
replace the truss by an equivalent beam. The EI 
value at any section of the beam is made proportional 
to the EJ value of the chord sections taken as acting 
together at the corresponding section of the truss. If 
this approximation is applied to the continuous Vieren- 
deel girder the results obtained vary with the particular 
case considered, but may be quite inaccurate. The 
method might be useful for a quick preliminary design. 


Conclusion 


The continuous Vierendeel girder is amenable to 
solution by various methods. The approach given 
above breaks the problem down into the calculation 
of the redundant reactions and then.the final calculation 
of moments, and allows any method already familiar 
in the analysis of the simply-supported Vierendeel 
girder to be applied. If modern methods of analysis 
are used an accurate solution may be obtained with 
little difficulty, using the slide rule. Certain approxi- 
mate methods may be used for a preliminary design. 
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| Building on Fill with Special Reference 


Discussion 


The CHAIRMAN, whose pleasurable duty it was to 
propose formally a vote of thanks to Dr. Meyerhof for 
_his paper, said there was no need to emphasise the 
“importance of the subject discussed therein ; its im- 
_ portance was indicated by the large number present 
at the meeting. In the paper Dr. Meyerhof had given 
a very nice blend of the theoretical and the practical ; 
in other words, he had given the results of research work 
and had analysed them, and an indication of their 
practical application. The meeting wished to thank 
him heartily for his paper and for his excellent pre- 
sentation of it. 
' Lieut.-Colonel G. W. KIRKLAND, M.B.E., M.I.Struct.E. 
expressed the pleasure it had afforded him to listen to 
Dr. Meyerhof’s presentation of the paper, and said 
that his firm had been very glad of Dr. Meyerhof’s 
collaboration and interest in the problem. As the 
engineer responsible for the remedial measures, Colonel 
irkland had found the confirmatory opinions grati- 
fying. 
At Dr. Meyerhof’s suggestion, Colonel Kirkland 
showed a number of slides to illustrate one of the major 
problems arising from the settlement which had occur: ed. 
The owners of the premises, he said, were manufacturers 
of a well-known building product. 
_ Slide 1 showed the machine which was the main 
production unit of the factory ; had anything happened 
to it, production would have ceased. It was of heavy 
construction, with heavy cast-iron frame sides. The 
production flow was from the left-hand end towards the 
tight, and settlements varying between 3 in. and 3 in. 
hhad occurred. As a result the bearings ran hot, much 
power was wasted in friction, and various components 
had broken. One of the processes involved the use of a 
blanket to convey unbonded raw materials through 
tollers and the life of the blankets had been short. The 
machine was the most vulnerable unit and settlement 
vas jeopardising the cast-iron frame, repair of which, 
immediately following the war, was well-nigh impossible. 
Slides 2 and 3 (reproduced) illustrated various 
stages of the work. In Stage A bored piles were placed 
on the right-hand side of the machine. 

In Stage B an excavation was opened up in readiness 
to receive cantilever beams, and a heading was cut 
under the frame sides to receive the cantilevers which 
ere to take the load. Simultaneously, on the left of 
the machine, which was very congested, further piles 
were placed. . 
Stage C showed the cantilever beams in position, 
edged to the underside of the foundation and tailed 
down on to the tailing down piles. Up to this point 
the plant had remained operative. __ 
At Stage D the plant became inoperative. Fortunately, 
the annual holiday period enabled the owners to allow 
2x days in which to do the job, and work was carried 


*Read before the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1, on Thursday, February 22nd, 
1951, Mr. Walter C. Andrews, O.B.E., MI.C.E. (Vice-President), 
in the Chair. Published in THE STRUCTURAL ENGINEER, Vol. 
KXIX, No. 2, pp. 46-57. 
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Discussion on Dr. G. G. Meyerhof’s Paper* 


out with both day and night shifts. The whole of the 
drive mechanism was taken out on the left of the frame 
side, and cantilevers were inserted there. 

The next three stages covered the repetition of that 
work on the other side of the machine. The volume of 
work was considerable. In between the frame sides 
there, a concrete slab had cracked badly, and was 
removed. 

Stage H showed the machine re-assembled. Within 
the 21 days the work was completed, apart from the 
floor finishes. 

Colonel Kirkland said he had been pleased to hear 
only that evening that the machine was still working 
perfectly, having been in operation for 2} years since 
the work was completed. A level check had shown 
that there had been no subsequent movement. 

Slide 4 showed details of the various components used. 

Slide 5 (reproduced) was a photograph of the machine 
after it had become operative again. On the left of the 
centre the original foundation had been exposed where 
the load had already been taken by the under-pinning 
beams. 


Slide 5, shown by Lt.-Colonel G. W. Kirkland 


Slide 6 showed the driving side of the machine, where 
the mechanism had made conditions very restricted for 
piling operations. Quite apart from the low head- 
room and the overhead driving shafts, particular care 
had to be exercised in locating the load-bearing piles. 

Slide 7 illustrated the operations at the time the 
machine was re-levelled. 

Slide 8 was another view of the finished machine 
back in operation. Colonel Kirkland said he believed 
that at that time the production had increased con- 
siderably. 

Measures were still being taken, concluded Colonel 
Kirkland, to remedy defects in the structure. His firm 
had been busy there for four years, and it looked as 
though they would be there another three years making 
good defects. : 
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__ The paper gave a very good lesson of the results of 
‘being penny wise and pound foolish, illustrating the 
wisdom of ensuring that the structure of a building 

would do the job required of it. 
__ Mr. A. H. Toms, after thanking the Secretary of the 
__ Institution for having invited him to attend the meeting, 
_ referred to some tests made by British Railways (South- 
_ ern Region) with compaction machines for the purpose 
of minimising settlement of railway tracks on newly laid 
filling over clay formations. 
__ Discussing some tests made on crushed Meldon stone, 
_ hesaid'its specific gravity was 2.74 or 170 lb. per cubic ft. 
_ The material used for the filling was the residue from 
the crushing of this stone which passed } in. sieve. 
_ When dumped uncompacted its dry density was about 
- I00 Ib. per cu. ft. After loaded dumpers had passed 
_ over it several times, their weight being equivalent to 
about a 3-ton pneumatic-tyred roller, the dry density 
_ of the material was about 125 lb. per cu. ft., and the 
_ vertical density gradient was well over 1 lb. per cu. ft. 
per inch depth. A 4$-cwt. vibrating roller was tried, 
_ and though very handy and having a good output of 
_ some 500 sq. yards per hour, it was very sensitive to 
_ changes in moisture content of the fill and required very 
_ wet material, which involved extra wetting in most 
cases. The maximum dry density of the material was 
_about the same as before at 125 lb. per cu. ft., but the 
gradient was higher, being about 2 lb. per cu. ft. per 
inch depth. 
__ The machine now employed for compacting the filling 
in excavations was a 10-cwt. or 1-ton frog-rammer. It 
was easy to handle, because it pulled apart for handling, 
but had a lower output in sq. yards per hour than the 
roller to give maximum density, but this maximum 
density was about 130 lb. per cu. ft. after three or four 
passes, and the vertical density gradient was 1 lb. per 
‘cu. ft. per inch of depth. Moreover, that machine 
would tackle 20 in. depth of the loose material and 
would compact down to I5 in. in one layer, which was 
_ very valuable. 
There had been considerable scatter in the results 
obtained, but the figures quoted gave a general idea. 
__ A Vibrosoil compactor, weighing about 5,500 Ib., lent 
by one firm, had a base plate turned up at the edges and 
supporting a casing in which there were out-of-balance 
“rotating weights. Normally its vibratory motion pro- 
felled it, but when in difficulty a winch on the machine 
was brought into use. It was found to give densities 
_as high, or higher than the frog-rammer, and a vertical 
density gradient not greater than that produced by the 
latter. A disadvantage was its much greater weight 
than the frog-rammer ; but on open sites it might have 
avery good field of use. 
The Vibromax Soil Consolidator, which he had seen 
tested at the Road Research Laboratory, was smaller 
than the Vibrosoil compactor but was very similar in 
principle ; it was reversible under its own power, whereas 
the other was not, and its performance appeared to be 
about the same. 

For anyone who had to compact considerable amounts 
of filling, to the maximum density practicable, the frog- 
rammer or the vibrating plate compactors would be 


Finally, Mr. Toms mentioned that a certain firm, 
when asked by British Railways to put down boreholes 
to ascertain the combustion area in an ash tip (on which 
a locomotive was erected) and which had caught fire, 
had had the idea of forming a cut-off wall by putting 
down boreholes, overlapping, and filled with sand. So 
far as could be judged, that procedure had proved 
satisfactory. 
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Mr. P, T. FRENCH (Associate Member), said that at 
the large factory discussed in the paper there had been 
observed a certain amount of horizontal movement of 
manholes and drainpipes. He asked whether that had 
any bearing on the subject and if it were of interest it 
might be considered further. 

Commenting on the author’s statement that the main 

compaction of the fill took place in the first two years 
after it had been deposited, Mr. French said he believed 
the fill had started about the middle of the last century. 
The factory had been built approximately 14 years, and 
he wondered how to account for the excessive or large 
settlement which had occurred since then. 
_ Did this mean the loads had not been allowed for 
in the calculations or had the piles been overloaded 
since? Could the brown clay be used if calculations 
proved it offered sufficient resistance or would it be 
advisable in the future to penetrate to the blue clay? 

Mr. D. J. MAcLEAN (Road Research Laboratory), 
discussing soil compaction in relation to the paper, said 
that a vertical movement might occur in a fill as a result 
of either a change in the air content or in the moisture 
content of the soil. 

The occurrence of vertical movement in fill due to a 
change in moisture content had an important bearing 
on the choice of moisture content at which soils should 
be compacted. In the technical literature it was stated 
commonly that soils should be compacted at an optimum 
moisture content as determined by an arbitrary labora- 
tory test. Recent research at the Road Research 
Laboratory suggested that that concept was wrong so 
far as this country was concerned. The view held at 
the Laboratory was that ideally soil should be compacted 
at a moisture content, which they described as an 
“equilibrium” moisture content, that would subse- 
quently remain constant under any superimposed 
loading. 

Taking a practical case, that of London clay, he said 
that the optimum moisture content, as determined by 
the standard laboratory method, was 21 per cent. ; but 
the “‘ equilibrium ”’ moisture content for the same soil 
under a building would be about 25 per cent. If this 


- soil were compacted at the optimum moisture content 


of 21 per cent. a considerable uplift of the surface would 
subsequently occur as a result of the swelling.of the clay 
as it increased in moisture content from 21 to 25 per cent. 

On the other hand, in this country it was much more 
likely under the prevailing weather conditions that the 
clay would often be placed at a higher moisture content 
than the “equilibrium ”’ value. If this were the case, 
settlement would subsequently occur as a result of the 
consolidation of the soil. 

It was also important to compact sands and other fine 
granular materials at a moisture content which would 
subsequently remain constant. He was aware of several 
cases in road and airfield work where sand sub-grades 
had settled from } to I in. as a result of a decrease of 
moisture content subsequent to the compaction of the 
sand. Although the sub-grades had been well com- 
pacted during construction the subsequent loss of water 
from the sand resulted in an increase in the air content, 
which was equivalent to bringing the sand to a poorly 
compacted condition where stresses arising from traffic 
could produce further compaction. Sands were par- 
ticularly susceptible to compaction by vibration, and 
that factor might be important in connection with 
buildings constructed on sand. 

Coming to the practical use of compaction plant, 
Mr. Maclean emphasised first that their performance 
depended very much on the moisture content of the 
soil. He illustrated this for London clay by a graph 
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(Fig. 1) which showed the effect of moisture content 
on the dry density (state of compaction) that could be 
obtained with a sheepsfoot roller, a smooth-wheeled 
roller, a pneumatic-tyred roller and a medium-sized 
track-laying tractor. The moisture content at which 
the greatest compaction could be obtained with these 
No 5-ton club-foot sheepsfoot roller 
Zero air voids line —— 6-ton smooth-wheel roller 

=--—-=- [2-ton pneumatic-tyred roller 


—-— A medium-sized track- laying 
tractor 


Q 
fe) 


lO 15 20 25 30 
MOISTURE CONTENT —per cent 


Fig. 1.—Dry density/moisture content relationships 
for a clay soil when compacted by different types of 
plant 
(Crown copyright reserved) 


types of plant ranged from 16 per cent. for the sheeps- 
foot roller to 26 per cent. for the pneumatic-tyred roller. 
It was thus necessary to employ that type of plant 
which would give the best performance at the particular 
moisture content at which the soil was to be compacted. 
With the London clay this would be about 25 per cent., 
and therefore the pneumatic-tyred roller would probably 
be the best machine to use in this instance. 

In order to obtain good compaction it was also 
necessary to limit the thickness of the layer of soil 
compacted in one operation. A graph (Fig. 2) showed 
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Fig. 2.—General form of relationship between dry 
density and depth through a compacted layer of soil 
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a general relationship between the dry density and the 
depth through a. layer of compacted soil, Near the top 
of the layer the soil was in a high state of compaction, 
all the air having been driven from the soil, but at a 
certain depth the dry density began to decrease. approxi- 
mately linearly with depth, until finally a depth was 
reached at which no increase in compaction occurred, the 
soil there being at the same dry density as placed. Since 
the presence of air in the soil would permit subsequent 
settlement of the fill, Mr. Maclean suggested that it was 
necessary to limit the thickness of each layer of soil to 
that at which the air content began to increase linearly 
with depth. With rollers the thickness of soil placed 
should not be more than 9g in., but with frog-rammers 
and heavy vibrating plates, thicknesses as much as 
2 ft. might be used. 


- Fig. 3 
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As Mr. Toms had mentioned, the frog-rammer seemed 
to be a very suitable plant for compacting small areas 
of fill. A machine of this type weighing 4 ton (Fig. 3) 
had been tested at the Road Research Laboratory, 
Some results obtained with this plant showing the effect 
of moisture content on the compaction of soils ranging 
from a gravel to a heavy clay were given in Fig. 4. At 
the higher moisture content the soils contained only a 
small air content after compaction. 

A vibrating plate machine tested at the Laboratory 
was illustrated in Fig. 5. This had a heavy base plate 
on which was mounted a motor operating at “about 
1,000 r.p.m., the vibration being obtained by means of a 
set of out-of-balance weights. Results obtained with 
this machine (Fig. 6) showed that a very satisfactory 
performance was obtained with a gravel-sand clay, sand 
and sandy clay but on a heavy clay the performance 
was less satisfactory. 

Mr. Maclean said there was little information on the 
relationship between the settlement of fill and its initial 
state of compaction, but the information obtained from 
data published in an American paper (Fig. 7) might be 
of interest. Over the range of compaction indicated, 
there were settlements ranging from slightly under 
0.1 per cent. to over 0.6 per cent. of the height of the 
fill. Finally, Mr. Maclean suggested that it might be 
possible to obtain some idea of the probable settlement 
of fill by carrying out repeated plate-bearing tests and 
obtaining a relationship between load and settlement 
as shown in Fig. 8. He suggested that the permanent 
deformation after the application of a load, say Io times, 
might be related to the probable settlement of the fill. 
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__ Mr. Maclean congratulated Dr. Meyerhof on his very 
interesting paper and thanked the Institution for 
inviting him to the meeting. : 

| M:. Joun Faser, B.Sc., A.M.ILC.E. (Associate- 
Member), commenting on the suggestion in the paper 
that, on made ground, the use of bored piles had an 
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Fig. 4.Relationship between dry density and moisture 

content for 5 coverages of a }-ton Frog-Rammer on 

five different soils for a 9-inch uncompacted layer 
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advantage over driven piles because of the settlement 
caused by the driving of the piles, said there could be 
no doubt that ground would settle when it was disturbed 
by the driving of piles ; but many engineers preferred 
driven piles to bored piles, and it should be understood 
hat there was a difference between the ¢mmediate 
settlement caused at the time of the piling and the 
ultimate settlement which might occur after some 
considerable lapse of time after the piling. 

‘The graph Fig. 9 showed the settlement of an 
unpiled building in relation to time. It covered a 
period of about three years, and the total settlement 
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was about 8 in. There were six curves, each repre- 
senting the average for about 20 columns. The columns 
were in rows progressively further away from a site 
where pile driving was at one time in progress, and the 
reason for the differences of the six curves was that the 
ground formation under those particular rows of columns 
was different in the different cases. It could be seen 
clearly that the shaking of the ground due to the piling 
had broken down the internal frictional forces and had 
accelerated the rate of settlement. After the piling had 
ceased there was no further disturbance, during which 
time the internal frictional forces of the soil were slowly 
built up again ; and it was not until those frictional 
forces had built themselves up again over a period of 
time and were eventually overcome so as to cause 
internal failure of the soil that the building had started 
to settle again. 

The principle, Mr. Faber suggested, was very much 
like that of the ordinary aneroid barometer, which 
never really indicates the true pressure ; it was always 
a little behind the truth, and it was not until one tapped 
the barometer and overcame the internal friction forces 


Fig. 5 
(Crown copyright reserved) 


in the mechanism that the needle would jump to the 
position where it wanted to be. Then the needle would 
remain in that position until the forces due to a change 
of -external conditions were sufficient to exceed the 
friction forces in the barometer mechanism which were 
trying to prevent the needle moving. The same sort 
of thing happened in soils ; there were internal friction 
forces tending to stop movement, but when those friction 
forces were overcome, the ground settled. 

It was thus the ultimate settlement which very often 
mattered more than the immediate settlement. The 
building referred to was erected about ten years ago ; 
the maximum settlement after five years was about 
12 in., and the building was still settling. The ultimate 
settlement was causing trouble with sliding - doors, 
drains and so on ; but the little: kinks in the curves 
which had been produced by driving piles near to the 
columns had been of no consequence. 

Mr. S. J. Crispin (Member) asked whether the author 
could say if any great differences were found in com- 
pacting various soils in depressions or pits where they 
were kept in position at the sides, and on free embank- 
ments or slopes of which the edges were free. 

Mr. H. M. GELL said the paper did serve to emphasise 
the results of the penny wise and pound foolish policy, 
as Colonel Kirkland had mentioned, and he suggested 
that in this country we did not spend enough on, the 
initial investigations. On the other hand, in the 
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United States people would spend very often something 
like 5-7 per cent. of the total value of the project on 
those investigations. Consultants and architects would 
say, of course, that it was difficult to persuade the 
building owner to spend that amount ; an owner always 
thought that the money should come out of their fees. 
That was wrong ; the Consulting Engineer or architect 
ought to be strong enough to convince the building 


owner that it was an excellent investment against ~ 
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Fig. 6.—Relationships between dry density and moisture 

content for four different soils when compacted in 9-in. 

loose layers by six passes of the 2-ton Vibrosoil 
compactor 
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failure and probably a safeguard on the economy of the 
whole project. The proper policy when we did not 
know was to find out. His preaching to young men was 
always to recall the activities of Rothschild in connection 
with the Battle of Waterloo. He had wanted to know 
who was going to win the battle ; England and the 
share market were depressed. He had persuaded 
someone to sail him over there, he went to the battle 
area, came back to the Stock Exchange and instructed 
his agents to buy and to continue to buy. That was 
one of the many reasons for the firm foundation of his 
fortune. Thus Mr. Gell always advised young men, 
“When you do not know, go to the Battle of Waterloo 
and find out.” 
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In Mr. Gell’s view the author had made a most 
valuable contribution in stressing the essential and vital 
need of a:'thorough site investigation on all such projects, 
and the paper on this aspect alone was of considerable 
value. 

Mr. M. J. ToMLINSON referred to a settlement of a 
light structure on fill which his company had recently 
investigated, which served to emphasise how rapidly 
settlement could take place even in clay fill. The site 
was on a chalk hillside ; a cut had been made into the 
chalk to form a level base for a single-storey timber hut 
and fill was deposited to extend the levelled area 
as in Fig. Io. 


RELATIVE COMPACTION - per cent 


° fom] O-2 o3 oO-4 o'5 0-6 O7 os 
SETTLEMENT -: per cent of height of fill 


Fig. 7.—Relationship between relative compaction of 
the fill and percentage settlement 3 years after con- 
struction of silty clay embankments in Ohio, U.S.A. 
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The fill was mainly of clay, but it contained 
some chalk fragments. After it had been in place for a 
few months, the hut was built with its foundations 
partly on the original chalk subsoil and partly ove 
the fill. The hut was erected on a shallow brick sleeper 
wall resting on a concrete foundation. Below the front 
edge of the hut there was g ft. of fill, but at a distance 
of 20 ft. from the front there was no fill at all. After 
six months there was settlement of about 4 in, at the 
front end of the hut and a crack in the foundations 
20 ft. towards the rear at the junction of the cut and fill, 
and the structure of the hut was distorted. The trouble 
must have been due to the settlement of the fill itsel! 
under its own weight rather than of the relatively 
incompressible chalk subsoil, 

Again, at a factory in Aberdeen they had investigatec 
a bad case of settlement. There was 10 ft. of very poo1 
fill on 20 ft. of reclaimed ground (sand and ‘silt), anc 
below that there was ro ft. of gravel and then granite 
bed rock. 

The filling was deposited about I00 years ago, anc 
after it had been in place for 50 years a two-storey 
factory of brick construction was built on shallow stri 
foundations supported directly by the filling. Thi 
building had settled about 15 in. in the centre, and i 
was considered that the greater proportion of thi 
settlement had taken place in the upper 10 ft. of poo 
fill which consisted of ash, gravel, clay, and pieces 0 
timber. It was estimated that the reclaimed grounc 
(mainly of sand but with some silt) was relativeh 
incompressible. 


Reply to the Discussion 


Dr. G. G. MEYERHOF, expressing his appreciation o 
the interest that had been shown in the paper, thanker 
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the many contributors to the discussion ; the subject 
was one on which, unfortunately, there was very little 
quantitative information. He hoped that when the 
discussion was printed, it might be possible to include 
some of the interesting photographs and diagrams 
which had been exhibited, because it was only by such 
‘case records that we learned how to deal with that 
difficult problem. 

In thanking Colonel Kirkland for having illustrated 
in detail the method used for under-pinning the plant 
‘in the factory dealt with in the paper, he said it was a 
be ifficult job, particularly as the plant had been kept 
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: Fig. 8.—Relation between stress and deformation for 
plate bearing tests with repeated loads 
(Crown copyright reserved) 


ing for quite a long time and remedial measures 
had to be fitted in while it was in operation. It would 
be agreed that the methods proposed were interesting, 
especially the idea of jacking steel beams horizontally 
through the fill; if the resistance had not been so 
eat, that might have been a very useful procedure. 
Coming to Mr. Toms’ reference to power rammers and 
Vibrating compactors for consolidating fill, Dr. Meyerhof 
Said that there were many points in favour of that 
method where fairly small quantities of materials were 
involved. It might also be used behind retaining walls 
and in other cases where a fairly narrow width of 
Material had to be compacted. When compacting earth 
against a structure, however, we must be careful not to 
compact too much ; it had been observed in several 
cases that over-compaction might be detrimental to 
the structure, particularly retaining walls where, apart 


of stress might produce some movement. 

In reply to Mr. French, he could not say whether the 
observed horizontal movement of manholes and drain- 
dipes had anything to do with the movement of the fill. 
On the whole the latter movement was vertical, and any 
horizontal component must be due to some exterior 


Cause. — : 
_ On the question of the settlement of the factory in 
Telation to the amount of previous consolidation of the 
fill, he had mentioned in the paper that a period of two 
years might be considered as a minimum before struc- 
ures were erected on fills consolidating under their own 
weight, because the observations available at present 
showed that subsequent movements were relatively 
small, and because in any case structural precautions 
* . “Galculation of the Stability of 
ne eee Large Dams, We ashinElon (D.C.), 
Tol. 4. p. 505. American Society of Civil Engineers (1940), 
‘Consolidation of Embankment and Foundation Materials. 
toc. Am. Soc. Civ. Engrs., Vol. 66, p. 1491. 
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rom causing large pressures, expansion after the release 
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and special foundations were usually required. Of 
course, one could wait considerably longer than two 
years, and in some cases it might be preferable to do so. 
The reasons why the settlement of the particular factory 
was so detrimental were, first, that the structural pre- 
cautions and special foundations were not effective, 
and, secondly, that the floor loads were exceptionally 
high. However long we waited for the consolidation 
of fill under its own weight, we must expect further 
settlement if additional heavy loads were to be applied. 


DURATION 


SETTLEMENT 
(FEET) 
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Fig. 9 


A fill consolidated only according to its overburden ; 
near the bottom the consolidation was a maximum, and 
near the top, where good compaction was most required, 
it was a minimum. If we applied further load, we 
must expect additional movements. 

The question of negative skin friction on the piles was 
also raised by Mr. French, who had asked whether the 
friction was negative originally or whether it had gradu- 
ally become negative. Dr. Meyerhof said that the 
negative skin friction was induced by the movement 
of the fill, and immediately after the installation of the 
piles, the movement and thus skin friction might be 
relatively small; but as the consolidation continued, so 
the negative friction developed more and more and 
started to drag the piles down, depending on the support 
they had at their points. On the whole, he thought 
that the negative friction was gradually developing as 
the support at the base of the piles was overcome by 
the drag on the sides. In that case, resistance would 
have to be obtained by a greater depth of piling into the 
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underlying brown or even blue clay. It was a question 
of obtaining adequate resistance by skin friction and 
end bearing from the underlying natural ground, which 
did not move and could withstand the load. __ 

With regard to the interesting information given by 
Mr. Maclean and his emphasis of the point concerning 
movements due to moisture variation and change 
of air content, Dr. Meyerhof said that these problems 
had been considered by engineers for some time. Over- 
compaction of cohesive material could lead to large 
swelling and high stresses in the underlying virgin 
ground. These effects had been observed for several 
years and were first mentioned by Knappen (1936) and 
later in a report on the compaction of soils by the 
American Society of Civil Engineers (1940).* The 
equilibrium moisture content was a matter on which 
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work was proceeding at the Road Research Laboratory, 
and it was of interest in showing a rational approach 
to the compaction of cohesive material. But Dr. 
Meyerhof did not think that the loss of water from a 
well-compacted cohesionless subgrade altered its degree 
of compaction in any way. 

The question of repeated test loadings was one which 
needed consideration, especially on sites where the live 
loads were to be relatively large in relation to the dead 
loads. In structural design that situation did not often 
arise, for usually the dead loads represented a large 
proportion of the total loads, and only the first part of 
the load-settlement curve was of interest. Dr. Meyerhof 
thought, however, that the tested area was too small in 
relation to building foundations and extrapolation was 
very difficult. 

In connection with road and airfield pavements, 
however, the dead load was negligible and the live load 
was very important so that the question of repeated 
loading then became of major importance. 

On Mr. Faber’s reference to the use of bored piles 
versus driven piles, Dr. Meyerhof said he had stated in 
the paper that bored piles might be preferred where 
vibration had to be avoided during installation of the 
piles. Of course, the driving of piles into a loose fill 
would cause settlement, and the subsequent movements 
were considerably less when the fill was compacted by 
pile driving than would be the case otherwise. But 
where there was an existing structure, especially if 
resting on a relatively loose granular material, pile 
driving in the vicinity may produce very undesirable 
settlement. 

Dealing with Mr. Crispin’s question about filling in 
pits and on embankments, he said that when there was a 
restraint on the sides of a fairly small amount of fill, the 
density of the material might be very much greater than 
if there was no restraint, as in the case of a free slope. 
But usually when dealing with pits and embankments 
the dimensions were fairly large and the effect would 
only be noticeable near the edges. 

Site investigation, mentioned by Mr. Gell, was a 
matter of considerable importance, as was illustrated 
by the factory discussed in the paper. 

Finally, he expressed gratitude to Mr. Tomlinson 
for his contribution relating to buildings on poor and 
variable fills. 


At the conclusion of the discussion, the Chairman 
again thanked Dr. Meyerhof for his able replies to the 
points raised. 


Written Communications 


From Mr. W. T. Wivks (Associate-Member) : Dr. G. G, 
Meyerhof’s paper “* Building on Fill,” is very informative 
for the engineer who is frequently faced with the problem 
of building structures on fill of one kind or another. 
Fig. 1 confirms the opinion, generally held, that clay 
and chalk, or alternatively, clay and sand, with light 
compaction, make a good fill with little ultimate settle- 
ment. The theory is that water forced out of the clay 
during its compression can be readily absorbed in the 
sandy layers, resulting in rapid consolidation. Regarding 
filling up a crater with rock or forming an embankment 
with rock, this is not a particularly easy task in many 
circumstances, and if the rock is not properly consoli- 
dated it is possible to get a large settlement which can be 
troublesome. In these circumstances, should the rock 
fill be soft, like one or two of our own natural rocks, then 
after a period of weathering they disintegrate and flow 
into the large voids, which are inevitable in such fill, to 
cause settlement which can be of some magnitude. 
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What is important in the construction of fills is to 
produce uniform compaction as distinct from high 
compaction which is generally, of course, less uniform. 
The latter often results in subsequent uneven settlement. 

Several methods of compaction have been used 
which are not well known in this country. One method 
of compacting sandy soil by vibration has been devised 
by means of a process of sinking tubes into the ground 
to be treated, and lowering into them electrically driven 
vibrators. At the same time water is pumped under 
pressure into the tubes and forced up the outside. It is 
believed that the tubes at about 5 ft. centres sunk in 
this way produce satisfactory consolidation. 

A second method of vibrating and compacting loose 
non-cohesive soil is by producing water hammer effects 
in armoured flexible hoses buried in the ground. . 

A third method of compacting loose granular soils 
is by means of driving steel tubes into the ground and 
filling them with sand and gravel, and while the tube 
is being withdrawn this fill is compacted in the hole 
formed by the tube. 

The period of two years, given by the author as being 
sufficient time to lapse before commencing construction 
of a structure after the placing of badly compacted 
materials or fills consolidating under their own weight, is 
regarded as optimistic. Furthermore, the writer does 
not favour the design of rigid superstructures on any 
kind of fill. He calls to mind an instance where he had 
to provide remedial measures to a reinforced concrete 
framed structure of one floor carrying heavy machinery 
and roof, built on brick rubble. At one place, settlement 
of the fill had left a 14 in. reinforced concrete column 
suspended from the heavy beams above, resulting in 
serious cracking of the beams and the column. The 
column foundations and the ground floor slab were 
incorporated as one unit and were of sufficient strength 
to put the column in tension when the floor was loaded. 
Flexibility in design is suggested to be the proper solution 
for structures built on fill. 

From Mr. F. R. BULLEN (Member of Council) : This 
interesting paper will do much to draw attention to the 
necessity for skilled advice in the erection of buildings. 
I am particularly interested in the reference to the 
piled foundations. One of the lessons which I think 
this paper teaches is that the bearing capacity of a pile 
depends upon two separately ascertainable quantities. 

(1) The point bearing capacity. 

(2) The frictional capacity. 

Whilst some piles may receive greater support from 
their toe capacities, others receive greater support from 
the friction capacity, the relative values of these two 
quantities being entirely dependent upon the type of 
piles used and the ground in which they are installed. 
For the factory in question it is clear that the point- 
bearing capacity of these piles was not very great since 
there were founded in London clay, and since they 
were only 5 to 10 feet into that clay they received 
relatively small frictional support. Untortunately, how- 
ever, as Dc. Meyerhof has shown, instead of receiving 
additional support from the friction of the fill they were 
dragged down thereby, or, in other words, the frictiona. 
capacity of the piles in this case was negative. Dr 
Meyerhof refers to the bearing capacity of the piles ; 
should like to ask Dr. Meyerhof if he could define the 
bearing capacity of a pile. This is a term which is usec 
very loosely, and whilst it might be said that the inten 
tion is known, certainly the value intended is neve: 
defined. I would venture to define the ultimate bearing 
capacity of a pile as that load which causes the heac 
of the pile to settle a distance equal to one-tenth of thr 
lateral dimension of the pile. I hope to discuss thi 
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Matter on another occasion but I do think it is important 
in discussing these matters to define carefully the terms 
which are being used. : 

I feel sure that if the original designers of the building 
in question had appreciated that the ultimate bearing 
apacity of a pile consists of these two quantities, they 


settlement of thetill would be to impose upon the piles an 
additional load instead of assisting the piles to carry the 
superimposed loads. In these circumstances, of course, 
they would have installed the piles of gieater length and 
the troubles experienced would not have arisen. 

One general comment : D.. Meyerhof suggests that 
buildings of the nature of the one in question might 
conveniently be sub-divided into small sections, and I 
would like to support that suggestion. It seems to me 
that there could be many advantages obtained by sub- 
dividing structurally long buildings which may be 
subject to different settlements. 

I was a little worried by Dc. Meyerhof’s suggestion 
that the foundations ought to be well tied in two diiec- 
tions. In buildings of the type under consideration, 
- this is often very difficult, not to say costly, and I would 
uggest that it is quite permissible to consider the lateral 
support which the concrete floor of such a building offers 
to the columns and their foundations. On the other 
hand, where settlement of the floor is expected it is most 
“important that it should not be connected structurally 
‘to the columns and wall foundations, although this 
does not prevent the floor slab from offering lateral 
‘support to these parts of the building. 

' Im, conclusion, therefore, I should like to thank 
‘D:. Meyerhof for bringing forward this matter. In 
doing so he has done three things : 

(rt) He has shown the necessity for very careful and 
killed consideration at the time of the initial design, to say 
nothing of careful investigation of the ground conditions. 
_ (2) Asa corollary to (1) he has shown the necessity for 
careiul attention to matters of detail. 

(3) He has drawn attention in no uncertain way to the 
fact that piles are just as susceptible to failure as any 


“Der Rammpfahl”’ (The Driven Pile), by W. 
WSchenck. (Berlin: W. E.nst, 1951.) III pp. + viii, 
il. DM.11. 

The bearing capacity of driven piles is a controversial 
‘subject with an extensive literatuie to which the author 
adds his present well-illustrated book. In the first part 
of the book he is mainly conce.ned with full-scale pile 
Joading tests and their interpretation as regards the 
amount of point resistance and skin friction. The method 
suggested consists of measuring the elastic comp. ession 
of the whole pile and of a part (say one-half) of it during 
‘a loading test by means of extensometers and then 
evaluating from the results the point resistance and the 
magnitude and distribution of the skin friction. 

_ This procedure, which is illustrated by some actual 
test results, is limited to steel piles because the com- 
pression characteristics of reinforced concrete and timber 
piles are too variable. More serious is, however, the 
basic assumption that the skin friction is distributed 
along the pile in a simple (mathematical) manner, either 
uniformly or steadily increasing or decreasing throughout 
the whole length of the pile (without intermediate 
changes). Nor is the method sufficiently sensitive to 
this distribution as shown by the loading test of a shod 
box pile driven into cohesionless soil where the analysis 
of the results gave zero skin friction at the toe and a 


would most likely have appreciated that the effect of’ 


395 


other foundation construction, and this, I think, em- 
phasises a fact that has been glossed over in the past 
that the ultimate bearing capacity of a pile consists of 
two separate constituent factors. 


Reply to Written Communications 


Dr. G. G. Meyerhof would like to thank Mr. Wilks 
for drawing atiention to some of the lesser-known 
methods of compacting granular materials. As regards 
the minimum period ot natural consolidation, D.. G. G. 
Meyerhof would like to refer M. Wilks to his reply to the 
oial discussion. Whether a flexible or rigid structure 
should be used on a fill, depended largely on the size 
and relative cost of the building and toundations. A 
low and extensive building was moze economically 
constructed as a flexible structure which could accom- 
modate itself to unequal settlement. A compact and 
high building was inhe:ently moie rigid and needed 
litrle additional stiffening to enable it to reduce differ- 
ential movements to a minimum ; it should be adequately 
designed to resist the relatively large stresses due to 
load transfer and to span over any local deformation 
of the fill. 


In reply to Mr. Bullen, the (ultimate) bearing capacity 
of foundations (including piles) was usually defined as 
the maximum load which the foundation could carry, 
irrespective of the settlement which necessarily occurred 
in reaching that load. D.. Meyerhof could not agree to 
restricting the ultimate load by an arbitrary amount of 
settlement any more than that the ultimate (maximum) 
strength of building materials or structures was so 
restricted. Deformations had to be considered quite 
separately and usually on an entirely diffe-ent basis, 
such as the tolecable deformations of the particular 
building element or structure conce.ned. The suggestion 
of tying foundations laterally by the reinforced concrete 
floor had sometimes been used in practice and frequently 
appeared to be adequate. 

In conclusion, D... Meyerhof would like to thank both 
contributors for the inte.est shown in the paper. 


Book Review 


rapid increase of friction with a maximum at the ground 
level ! 


In the second part of the book he proposes to utilise 
the above procedure to “ calibzate ’’ pile driving formule 
by substituting the revecsible compression ot the pile 
and soil as measured during a loading test for the 
corresponding dynamic value in the formula. This 
introduction of “ static ’’ components into “ dynamic ”’ 
equations would appear to be inconsistent and cannot 
be supported. In addition, it is now generally recognised 
that the-e is no relation whatever between dynamic and 
static bearing capacities except underx special conditions, 
so that the former relations are at best of a qualitative 
nature. 


The value of the book would have been enhanced by 
including, in the description of the loading tests, the 
results of the physical properties of the soil. This would 
have enabled theoretical estimates of the ultimate loads 
to be made by recent soil mechanics methods and for 
them to be checked by the results of the loading tests. 
Field and laboratory experience during the last few 
years indicates that such a procedure is likely to be the 
only rational approach to the problem of the bearing 
capacity of piles. 
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The Structural Engineer 


Design and Construction of a Large 
Span Prestressed Concrete Shell Roof 


Discussion of the Paper by Lt.-Col. G. W. Kirkland, M.B.E., and Mr. A. Goldstein* 


The authors, introducing their paper, amplified the 
methods of construction and showed a number of slides. 
(Figs. 1 and 2 below illustrate the state of the building 
at the time of presentation of the paper when nearing 
completion, and were among the slides shown.) 


ba " sea a 
ane et ad PA 


Fig. 1 


Fig. 2 


Col. KIRKLAND opened his remarks by stating that 
they did not pretend their solution was an exact one, 
indeed, few structural problems were capable of exact 
solution. He was satisfied, however, that the solution 
they presented was a very close approximation, as 
would be shown by the comparison of the stresses 
obtained by strain readings with the calculated stresses. 
His co-author would elaborate this point. It was also 
gratifying to be able to report that other approximate 


*Read before the Institution of Structural Engineers at 11, Upper 
Belgvave Street, London, S.W.1., on Thursday, 26th April, 1951. 
Mr. Walter C. Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (Vice- 
President) in the Chair. Published in THE STRUCTURAL ENGINEER 
Vol. XXIX, No. 4, pp. 107-127. (April 1951). 


checks applied to the problem had given comparable 
results. 


Mr. A. GOLDSTEIN, continuing, said, when dealing 
with the strain readings, he was able to show the con- 
densed mean results of strain and deflection observa- 
tions. Fig. 3 showed the details of the gauge used 
together with the jig for placing the plugs. Fig. 4 gave 
the results for a typical intermediate shell. The negative 
deflection of } in. of the right-hand beam in (a) was 
probably due to scaffold yield since the shuttering of 
the next shell had been struck between the two level 


Fig. 3 


observations. The comparison between the deflections 
due to stressing either beam was fairly consistent, and 
comparing (c) to the deflection curve in Fig. A5 of the 


‘paper, it was interesting to note that when a positive 


edge disturbance occurred, i.e., downward deflection 
of the springing, the movement of the crown relative 
to the springing is upward, whereas during prestressing, 
which induced a negative edge disturbance (i.e., upward) 
at the springing, the relative movement (observed) of 
crown to springing is downward, which appears con- 
sistent. No “ shell’’ calculations as such were made for 
the conditions at which strain and deflection readings 
were taken. The calculated values were obtained by 
interpolation between the full prestressed case. The 
comparisons between the observed and calculated 
values are quite close, and well within the limits required 
to verify the reliability of the methods used. 

As a point of academic interest, stresses and deflec- 
tions were also calculated, using the beam theory, and 
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were shown in Fig. 4. It was seen that the larger 
deflection thus obtained was consistent with a larger 
stress at the soffit and a smaller stress at the crown. 
The comparisons showed the limitations of the beam 
theory as applied to prestressed shells. * 
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In the case of a long shell such as this one the beam 
theory might well give quite accurate results for 7, in 
an intermediate shell when non-prestressed. It appeared 
‘that with prestressed shells the errors were consicerably 
larger, and since 7, was the force giving the closest 
agreement between the two theories it seemed logical to 
conclude that for prestressed shells the limitations of 
the beam theory were even more severe than for non- 
prestressed shells. 


Errata 


The following printers’ errors should be noted :— 
_ Page 107—Authors’ names—“‘ G.”’ W. Kirkland. 
4, Iog—Fig. 4, titl—‘‘cores’’ not “corse.” 
» 114—Design Loading—‘“g’’ not “ go.” 
L242” Re de 
116—Equation 15 —- ————— not 
8 8 
116—11th line, after equation 5—delete “ In- 
clude,” full stop after ‘‘ shell.” 
116—Equation 6—‘‘ 2as,”’ not “ 2as. 
» 120—Table IV 
Symmetrical Loading Condition under a’ 
and b’—“ g’,” not “ 8.” 
», 120—Table IV 
Eds AA for symmetrical a’. 
— 7275.7455, not “ 2775-7455. 
», 120—Table IV 

Edsy for symmetrical 0’. 

—‘ 4572.7990,"’ not “‘ 4512.7990.’ : ae 
124—Table X11I—bottom line, “ Au,” not H 
127—Bibliography, Reference 7—“ Kalinka, 

not ‘‘ Kalrinka.”’ 
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Discussion 


_ The CHAIRMAN, opening the meeting to discussion, 
said he had a very pleasant duty to perform in proposing 
a vote of thanks to the lecturers. 

Reading through the paper, he had been struck by 
the general clearness and the very able way in which 
ee 


*Discussion on ‘A Method of Determining the Secondary Stresses 
in Cylindvical Shell Roofs” by W.T. Marshall — JOURNAL OF THE 
INSTITUTION OF CIVIL ENGINEERS — supplement to No. 8 1949-59. 

ctober 1950. 
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it had been written and illustrated, and the very nice 
blend of the practical and theoretical. 


Dr. K. Haynat-Kény1 (Member) said he had been 
very interested in the paper and he agreed with Mr. 
Goldstein’s remarks that it was the first of its kind. It 
was certainly a useful addition to the literature on 
shell design after so many publications had been con- 
fined to membrane stresses and tables, giving the 
impression that calculations for membrane, stresses 
would solve the shell problem. In the paper, membrane 
stresses, though they might be considered primary 
stresses, were of secondary importance as against the 
stresses caused by the edge disturbances. So the paper 
would be appreciated by many people who wanted to 
go into shell calculations. 

One point that struck him particularly in the general 
arrangement of the structure was the fact that the 
building was 300 feet long and there was no expansion 
joint. As far as the shell was concerned that was 
all right, but what were the consequences for the stiffen- 
ing beams ? 

He wondered whether alternative designs had been 
investigated because the relation of width to length of 
the barrels was rather unusual. Had the authors gone 
into the question of using eight, seven or even six bays, 
and had they made any comparisons which decided 
them on nine bays ? 

A statement was made on page 107 that the designers 
decided to exploit the advantages of prestressing and 
thereby effected considerable saving in steel and concrete 
in comparison with ordinary reinforced concrete design. 
He agreed on the saving in steel but where was the 
saving in concrete? Probably the authors thought 
that without prestressing it would be necessary to have 
a shell three inches thick as was stated on page 114 
under Design Loading. With concrete strength as 
mentioned by Col. Kirkland, he would have had no 
hesitation to carry out the shell in 24 inch thickness 
without prestressing. 

He wondered if the effect of subsequent prestressing 
on the wires already anchored had been taken into 
account, or whether each wire had been stressed to the 
same extent. Once a wire was anchored the stressing 
of every following wire reduced its stress, so virtually 
the first wire should be stressed to the maximum and 
subsequent ones to less, so as to achieve a final balance. 
That was not, perhaps, of great practical importance, 
but it was theoretically interesting. 

Then there was the effect of prestressing on thecolumns. 
By prestressing the valley beam, the distance between 
the columns was reduced and the columns were subjected 
to bending. Had that been taken into account in the 
design and had observations been made regarding the 
movement of the columns ? 

He would be very much interested in the cost of the 
whole scheme. Just as the weight of the steel had been 
given in elaborate detail it would be interesting to hear 
about the cost of the job as carried out. 

Regarding the calculations on page 117, it was stated 
that it was generally sufficient to calculate the forces 
at the springing, crown and quarter points of the shell. 
He wondered if that was enough to produce such curves 
as shown in Fig. 5. He thought it required some 
imagination to get those curves without having inter- 
mediate points. One knew the general shape, but he 
thought that three points were not sufficient. 

The authors did not state what “FE” had been 
assumed. 

He had not, of course, checked the figures, but he 
would like to draw attention to Table VII. There was 


> 


308 
the value of AB, the horizontal movement of the edge 


4 
of the shell caused by a vertical force V = — which 
must agree with AA, the vertical movement of the edge 
4 
of the shell caused by a horizontal force H = -. 
qT 
Thee was a discrepancy already in the second significant 
figure, which indicated a slight error. Tne same 
condition applied to the anusymmeirical case where the 
discrepancy started in the third significant figure. It 
was not serious, but if one were using a calculating 
machine and went to so many digits one would expect 
better agreement. 
There was another check. There was a constant 


4 
ratio between 7,, caused by V = —and AA caused by 


1 


3S 
—— = - on the one hand and between T, caused by 
ox T 
4 3S 4 
H=-— and AB caused by —— = —- on the other. 


T ox T 
He had worked out these figures by calculating machine. 
The ratio was in the first case —169,692, in the second 
it was —148,049. For antisymmeirical edge load the 
ratios were —168,970 and —166,662 respectively. All 
these four ratios should be the same. He would have 
liked the author’s comment and to draw the reader’s 
attention to the, fact that there were several automatic 
checks that could be done during the calculations. In 
spite of duplicating the work errors creep in and 1t was 
always very useful to check the co-efficients before one 
went into the equations. 

Those were minor points. He congratulated the 
authors on the paper and hoped that they would answer 
some of the questions he had put to them. 


Mr. H. G. Coustns (Member) congratulated the 
authors on an excellent paper and thanked them for 
the wealth of detail, of all aspects of the construction, 
which they had put into it. He had enjoyed the 
paper because he was interested in that type of con- 
struction. 

He agreed with the authors that the design should 
preierably be made on the elastic theory, because we 
had sufficient evidence from experience that shells so 
designed did not crack, and from many tests, which 
had been made, appeared to act as was to be expected 
from the design. 

The calculations for this type of roof were lengthy and 
difficult when first attempted. The equations were 
formidable but it was essential to tackle them. He 
thought it a pity that the authors had used Finsteér- 
walder’s approximation, rather than what he considered 
the more exact equations of Jenkins ; that was purely 
a personal view. He thought Finsterwalder’s approxi- 
mation was sufficiently accurate for certain types of 
shell but Jenkins’s equations, with their greater mathe- 
matical symmetry, were more universally applicable 
and quicker in use. He had worked out the character- 
istics for any shape of shell from these calculations and 
had found that four to eight hours was sufficient for a 
complete calculation of the first and second load terms, 
according to the complexity of the edge conditions. 

One simplification was to deal with the disturbance at 
one edge without taking into account the effects of the 
second edge. The effects from the second edge could 
then be treated as a secondary disturbance at the first 
edge in the normal manner of relaxation techniques. 


The Structural Engineer 


Since the equations and characteristics had already 
been worked out this resulted in a saving in time. He 
would not say any more about the design because he 
was not accustomed to using that particular method. 

He agreed with Dr. Hajnal-Kényi that the shell could 
perhaps have been 23 in. thick, but he would preter, if 
he might criticise, to suggest a reduction in the size of 
the edge beam. A rough check showed that a reduction 
of the edge beam to 8 in. wide would have reduced 
considerably the prestressing force required, while 
keeping the stresses unchanged. 

This point had to be watched, because shell design 
was so economical that it was easy to add dead weight 
merely in order to cover cables. He had used 8 in. wide 
edge beams in all cases so far and he had had no diffi- 
culty in the construction. 


Tne external edge beam was, of course, rather large, 
and the diagram shown in the calculations indicated the 
great disturbance due to this heavy loading. He had 
wondered why these curves had been included because, 
in practice, he believed that the external columns were 
erected before the roof and therefore the stress dis- 
turbance was very much less. 


Wherever possible he had cambered the construction 
longitudinally, his first idea being to use straight cables. 
He found in practice that the contractors prefer the 
curved edge beams and shells which they thought had 
many advantages over the straight construction. 


It was interesting to note that to get the same exten- 
sion on the wires, it needed about 5 per cent. less pull 
with a straight cable than with a parabolic cable as 
used in a straight edge beam. 


He agreed that the construction time for a shell roof 
need not be great, but he thought that when pre- 
stressing was used they might have to allow perhaps 
another fortnight for setting up the first bay, but after 
that the normal rhythm could be maintained and two 
different contractors had been able to complete one bay 
per week. 

He had used anchorage stresses of 140,000 lIb./sq. in., 
which was higher than that used by the authors. He 
would also ask about the expansion joint, about which 
he was a little worried. He had wondered why they 
did not use portal type end frames which would allow 
flexibility. 

He was sorry to see that they had not got roof lights,in 
that building. In spite of the figures for light intensity, 
his experience was that buildings of that size, especially 
with exhaust fumes, presented a very gloomy appear- 
ance. 


If he had been critical, it was only to develop the 
discussion, and in conclusion he would say that the 
design, erection and supervision of such a notable 
building was one of which anyone could well be proud. 


Lt.-Col. R. F. GarsraitH, M.C. (Vice-President) 
congratulated the authors on an excellent paper. He 
had found the photographs of the construction par- 
ticularly interesting. One of the notable features of 
the building was the low weight of steel per square foot. 
To achieve 3.3 pounds per square foot on a 150 ft. span 
was remarkable. Recently he had had occasion to look 
at weights per square foot for various spans and the 
results were as follows :— 
150 ft. Span Prestressed Portal Construction 8 Ib./sq.ft. 
I0o » ” ” 5 ” 
100 ,, Span Welded Portal Construction 18  ,, 

1 je ~ Ma 15d 

He would like to know how the cost compared with 

more normal, or more traditional types of construction. 
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Major C. D. C. Bratne (Member) wanted to know 
what had been done to deal with the bending moments 
at the gable-ends. : 

Not very long ago he had been interested in the 
behaviour of a very large diameter steel pipe which 
had spanned an opening on a water supply scheme. 
Tt had been found that at the point where the pipe 
emerged from the rigid abutment there would be very 
heavy stresses. Within the concreve wall the pipe was 
hardly strained at all, but on emerging from the wall, 
it expanded to a condition of full stress, and this abrupt 
change resulted in a large bending moment which was 
difficult to deal with. With a shell roof it seemed to 
him that they would have almost the same difficult 
‘conditions at the gable ends as with a pipe, but the 
moments would be in the reverse direction. He saw no 
mention of this difficulty in the paper and enquired 
how it had been overcome. Unless precautions had 
_been taken on the site he would have expected to find 
a lot of cracking in the shell near the gable or, alternately 
in the gable wall itself. Schorer’s paper contained a 
warning about the magnitude of the bending moments 
arising in such conditions. 


Mr. A. P. Mason (Member of Council) asked was 
there any particular point, or any particular reason 
that led to the use of Gunite in the shell, as opposed to 
the use of concrete, which was more normal. And 
that decision having been taken, whether anything was 
done to check up whether the F value for the vibrated 
concrete was the same or compared reasonably with 
the Gunite, because they might have two E values, so 
that, in the calculations E would not cancel out as it 
should do. 


Dr. J. McNamee, of Building Research Station, 
Watford, pointed out that the labour needed to prepare 
an adequate tabulation of the parameters required in 
‘shell calculations might well be excessive. It might 
be supposed that tables for shells similar to those 
already existing for flat slabs could be made but the 
task fer shells was much more difficult. The critical 
moments in a slab could easily be tabulated for chosen 
values of the length/breadth ratio and nothing more 
was required. In the analysis of thin shells there were 
four relevant variables : the length, breadth, radius, and 
thickness, i.e., three independent variables. To tabulate 
the parameters needed by designers over sufficient 
ranges of these variables would be a lengthy task and 
the tables might be very bulky. To clarify—and 
perhaps over-stress—this point, he suggested the 
following illustration: if a function of one variable 
required a page to tabulate, a function of three variables 
tabulated to the same fineness of interval would require 
alibrary. Variations in the dimensions of edge-beams 
would of course increase the difficuliy. 

_ He deprecated the all-too-frequent references in 
engineering literature to exact and inexact theories. So 
far as he knew, all the theories currently used in design 
were approximate. All that one could ask of a theory 
‘was that it should be based on plausible assumptions 
and that the predictions of the theory should be verified 
by measurements on full-scale structures. 


A SPEAKER pointed out in relation to the amount of 
calculation required that Lundgren had published 
tables giving various values, and recently the National 
Physical Laboratory had become possessed of an 
ectronic calculator and they would like to be given 
roblems. He suggested the Institution should put the 
problem up to them and ask them to prepare the curves. 


Mr. R. A. SEFTON-JENKINS said that they had heard 
lot that evening about concrete shells. He would 
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like to remind them that concrete was not the only 
material from which shells could be made. 

Recently his firm had been very much tied up with 
the design and construction of a shell roof for the 
Thameside Restaurant at the Festival of Britain. This 
roof was made of a patent sandwich of two sheets of 
aluminium glued to 2 in. of baked cork slab. 

It took the form of a wave of about 14 ft. pitch and 
27 ft. span. 

Using this material, they had found that a rather 
better kind of shell roof could be made than that used 
at the Festival of Britain in the form of barrel vault 
roofing. Here an edge beam can be made at the junction 
of the shells with a consequent inciease in span. 

The great advantage of using this material over the 
use of concrete for shell roofs is the extremely good 
insulation value (U = 0.12 B.Th.U.s/sq. ft./hr./1°F.), 
equivalent to five feet of concrete. 

Assuming that the building about which they had 
just heard required heating during the winter months, 
the saving in fuel alone that would be made by the 
use of this sandwich, would be about £750 per annum. 


Lt.-Colonel KIRKLAND, replying to the discussion, 
thanked the contributors for the interesting points they 
had raised. 

He continued, that while the design methods they had 
used were capable of mathematical check, one could not 
apply to that type of structure the usual office checks 
similar to those applied to a framed structure in which 
one dealt with each loaded unit through to the founda- 
tions. 

They who had to take the responsibility had either to 
be mathematicians, or to be satisfied with more approxi- 
mate checks based on analagous conditions. Whilst 
at first sight this might appear a rough-and-ready 
method, it was remarkable how close those same methods 
could approach the actual results obtained by the more 
involved analysis. 

Engineers were still learning the intricacies of the 
subject, as were the authors, and they hoped that their 
efforts would contribute to eventual simplification. It 
would probably be a long time before elementary 
analyses could be used to obtain the design results 
required, but each experience in the application of an 
“engineer ’’’ check brought the day nearer. 

Replying to Dr. Hajnal-Kényi on the question of 
expansion joints, he said this matter had been fully 
investigated before deciding on their omission. Calcu- 
lations investigating the stresses involved had been 
prepared and they had been satisfied with the provisions 
which had been made. The building had been designed 
in other respects as an elastic structure, and there 
seemed little difference as to whether it were designed 
for a questionable live load condition or an even more 
doubtful temperature load condition. He commented 
that frequent references were made to “ expansion 
joints,’ but of the forces involved due to temperature 
change in a structure of this nature, those which he 
considered of most importance were the forces arising 
from contraction. Short of calling such joints “ expan- 
sion/contraction joints,’’ would it not be preferable to 
refer to them as “ contraction joints,’’ when their value 
would at once be questionable ? 

Several alternative schemes had been submitted, the 
selection of those responsible had certainly been influ- 
enced at the time by steel economy. 

Dr. Hajnal-Kényi had suggested the calculation of 
stresses at several additional points on the membrane. 
This could have been done, but he asked, was it neces- 
sary? Very little had been published on the subject 
hitherto which could be used for guidance, and had a 
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previously published authority suggested the value of 
other additional points, consideration might have been 
given to this view. 

Prestressed concrete was a comparatively new field 
and while the authors had some previous experience 
in this field, they found evidence that this building 
could profit by its adoption. 

Botn Dr. Hajnal-Konyi and Col. Galbraith had made 
refe.ence to cost, and in this connection he could give 
little information of value. Almost each week brought 
notification of increases in cost of materials and labour 
so that whatever one said about the cost of the work, 
it was liable to be inaccurate by the time the final 
account was agreed. As a general guide, based on the 
contract sum the cost was a little over £5 per yard 
super. He made no claim that this was competitive 
with the more traditional forms of construction but 
held that there was considerable difference between 
the quality of the cover provided as compared with 
that of tne traditional garage. The overhead and 
maintenance costs should be particularly low with a 
building of this nature. 

He tnanked Mr. Cousins very sincerely for his contri- 
bution and especially for his adherence to the elastic 
theory. He knew Mr. Cousins went even further and 
was a fellow-pupil with him in the “ no-crack school ”’ 
of plestressed concrete. 

He noted that Mr. Cousins preferred a curved concrete 
soffit and straight cables, and admitted the advantage 
so tar as the elimination of some friction was conceined. 
On the other hand his own preierence was for the appar- 
ently horizontal soffit, which he knew pleased his cient. 
In point of fact a small camber had been provided for in 
both the shell and edge beams, and he had examined 
the contractors’ costs in this connection. Had an 
additional camber been called for he shuddered to think 
what the cost might have been had it borne any relation- 
ship to the figuie he had examined. The frictional 
resistance thiough curvature of the cables had not 
presenied any difficulty on the site. 

Mr. Cousins had also commented on the absence of 
roof lighting. The original design had provided for 
top lignts but these weie later omitted on grounds of 
economy. The garage was intended for housing vehicles 
overnignt, and they would be serviced during the hours 
of darkness when artificial lighting would be essential. 
The provision of additional dayight over what was 
required for purely local purposes would have been 
superfluous, and the economy seemed justified. 

He thanked Col. Galbraith for his contribution, and 
said that economy in steel was a prime consideration in 
the adoption of the scheme. Apparently steel was an 
even rarer commodity than money. Tne question of 
comparable cost he had already dealt with. 

Replying to Mr. Mason, he said that very serious 
consideration had been given to the method of construc- 
tion of the membrane. The human element in placing 
and compacting concrete was of paramount importance 
in regard to the quality of the finished product, and it 
was in consequence a decisive factor in the general 
success of concrete work. They had felt that the 
reduciion in the number of human handling agencies 
effected by the use of a pressure sprayed concrete was 
a strong point in its favour, and that the impinging of 
the constituent particles formed a method of concotida- 
tion which could not be much improved upon for a 
thin membrane. Work on site proved the justice of 
these claims, and concrete of very high density and 
high compressive strength had resulted. 

He thought the suggestion that the National Physical 
Laboratory be asked to prepare tables with the aid of 
their electronic calculator a sound one. 
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Mr. A. GOLDSTEIN said that no mention had been 
made of the strain reading technique and results during 
the aiscussion. He thought that an involved analysis 
such as this meant little unless some verification could 
be obtained. The value of experience in any new 
medium was surely enhanced by the knowledge that 
the stiesses in the structure were of the same order as 
those calculated. The mere fact of stability of a 
structuie could not, he contended, be altogether satis- 
factory. 

He emphasised that the calculations dealt only with 
the non-piestressed condition. The pres ressing calcu- 
lations had been omitted not only for the sake of clarity 
but also because further experience and stress verifica- 
tion ot piestressed shells was desirable before publication 
of the method of introducing the prestressing effects 
into the shell calculations. 

He thanked Dr. Hajnal-Kényi for his contribution. 
The chord width of 33 tt. was determined by the overall 
length of the buses. It was so arranged that a line of 
buses would stand longitudinally, each bus taking up 
one bay, and clear access space was thus available over 
the buses. He agreed that the length to width ratio 
was unusual, the shell being very long. He believed 
it was the largest span yet attempted for this type of 
shell, but one of the benefits of prestressing was that it 
made these ratios more practical when necessitated by 
conditions. 

Regarding-the statement on page 107, mentioned by 
Dr. Hajnal-Konyi, whilst the load was taken off for a 
3 in. Sheil it was anticipated that the shell would actually 
be 24 in. thick whether prestressed or not, as can be 
seen Irom the design on page 116, where 8; was calculated 
using 24 in. 

Tue saving in concrete occurred in the reduction of 
edge beam depth. As an interesting comparison, a 
similar shell in Budapest in reinforced concrete had a 
span of 135 ft., a chord width of 39 ft., an edge beam 
depth of 8 ft., and an overall depth of 14 ft. A more 
recently constructed reinforced concrete shell in Dublin 
had a span of 105 ft., chord width 4o ft., edge beam 
depth 6 tt. 2 in., and overall depth of 13 ft. 

All the wires were stressed equally, allowance being 
made for the stress reduction in the previously stressed 
wires in the manner suggested by M. Magnel. 

He agreed that there was a prestressing effect in the 
columns. This point had been investigated at an early 
stage when the possibilities of forming a pin at the 
column head was considered. It was felt that the 
additional expense and trouble of constructing a pin 
was not warranted since haircracks at the beam-column 
junctions would not have had any ill-effects. No 
observations were made as to the movement of columns, 
but the junctions were examined for cracks and nom 
had been found. 

He disagreed with Dr. Hajnal-Kényi regarding the 
number of points along the curve of the shell necessary 
to plot the stress curves. If the general shape was 
known the five points used were, in his opinion, adequate. 
Certainly the maximum values of design criteria could 
be obtained sufficiently accurately, and that was surely 
the main consideration. In the case of the end shell, 
where this question had greater significance due to the 
non-symmetry of the curves, intermediate points had 
in fact been evaluated after the curve had been drawn 
and the difference between the interpolated and calcu- 
lated values was found to be negligible. 

Modular ratios of 11 and 12 had been assumed for the 
shell and beam respectively. 

He agreed that there were several automatic checks 
which could be used in the computation. The particular 
application of Clerk Maxwells’s reciprocal theorem which 
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Dr. Hajnal-Konyi had mentioned had been omitted in 
this case, which was unfortunate, as there did appear 
to be some slight discrepancies in Table VII. However, 
hese were certainly not of sufficient importance to 
change the stresses by any but negligible amount and 
would not affect the design. He would, however, 
‘investigate this point, and elaborate it in the written 
reply. 
Mr GOLDSTEIN subsequently writes : On examination 
it was found that the discrepancy occurred due to the 
high sensitivity of the equations in Table V, particularly 
_ the 4th and 8th equation. If, for example, the solutions 
are applied to the 4th equation of Table V, a residual 
error is obtained which is very small in comparison 
with the coefficients (6th significant place) but not 
negligible in comparison with 4/z. To avoid this, steps 
should be taken to de-sensitise the 4th and 8th equations, 
for example, by working in terms of R.ds.V rater than 
E.R.ds.V. This would not give much greater “ accuracy ”’ 
in the final solutions but would avoid discrepancies in 
Table VII. It must be emphasised that the sensitivity 
of the simultaneous equations is a purely mathematical 
“phenomenon and is in no way reflected by sensitivity 
in the actual structure as is the case in some structures 
- such as, e.g., flat arches. Thus in a long shell changes 
of the edge beam sizes would produce shell stress changes 
_of a relatively small nature, and it has been stated tnat 
quite large differences of shell stiffness factors would 
not affect the shell stresses in the same proportion.* 
It is clear, therefore, that whilst the small discrepancies 
‘in Table VII do exist, due to the above mathe,natical 
phenomena, they are quite negligible as far as the 
actual value of the resulting stresses are concerned. 
Replying to Mr. Cousins, whilst he agreed that the 
calculations were at first rather lengthy as are most 
numerical solutions of differential equations, the actual 
difficulties were apt to appear greater than they are since 
the mathematical reasoning is involved, whereas the 
difficulties in any particular practical solution are 
computational. 
_ Tne differences between the various equations were not 
within the scope of this paper. It was safe to say, 
however, that the “‘longer’’ the shell is the more 
simplified can the differential equation be made. Where 
‘simplifications cannot be made at all, the equations of 
Dischinger, Aas Jakobsen or Jenkins can be used with 
considerable facility. It must be remembered that the 
actual solution of the characteristic equation forms only 
one part of the total calculation. 

He agreed that if the characteristics for a shell of any 

shape had been evaluated, the solution of any particular 
problem could be obtained very quickly indeed. Only 
the evaluation of one set of simultaneous equations 
would be necessary. 
Dealing with disturbances from one edge only was to 
be recommended. In the case under discussion there 
would be comparatively little difference in calculation 
time but for problems such as north light shells, butterfly 
shells, etc., the above method was preferable and had 
in fact been used by the authors. 

He would doubt whether a reduction of the width of 
edge beam to 8 in. would produce any great theoretical 
economies, and when considered in view of the difficulties 
encountered by the contractor in casting the 10 in. wide 
beam with ali its reinforcement, cores, etc., he would 
be loth to recommend such a change. 

Fhe curves for an external edge beam without inter- 
mediate supports were shown, as had been mentioned, 
for the sake of academic interest and comple eness. 
* Discussion on “DEVELOPMENT AND USE OF BARREL VAULT SHELL 


CONCRETE” by C. V. Blumfieid, 1.C.E. 1947-48, page 39, Structural 
and Building Engineering Division. 
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The paper was, after all, written not only for the interest 
of those who had experience, but also to provide in- 
formation for those engineers who were relatively new 
to this subject. 

The 5 per cent. frictional losses quoted by Mr. Cousins 
were, he thought, rather high. On this particular job 
the “clock reading” on the pressure gauge of the 
hydraulic pump agreed very closely with the calculated 
value when the predetermined extension had been 
obtained. This shows that the frictional losses were 
very small. 

It was to be doubted whether any better results 
could havé been obtained regarding the expansion- 
contraction problem by using portal type tie frames. 

He thanked Col. Galbraith for his remarks and his 
most interesting comparative figures of steel weignt per 
square foot covered. Tnis clearly showed one of the 
features of this type of construction. 

Referring to Mr. Braine’s comments regarding the 
discontinuity at the tie frames, he did not think that the 
condition was quite as analogous as he (Mr. Braine) had 
mentioned. It was not clear whether the transverse 
moments M, or the longitudinal moments M, (considered 
as negligible in the analysis) were referred to. Tne 
moments M, would be damped to virtually zero near 
the tie frame and whilst small moments M, might 
exist near to the frames, it was found from experience 
that little trouble occurs from these moments in a shell 
of this shape. Certainly in this case there were no 
signs whatever of stresses of too great a magnitude in 
the tie frames ; indeed, as far as he could ascertain 
there was not a single crack at these locations. 

Mr. Mason’s query regarding the cancelling out of 
the “ &’’ values could be illustrated by refecence to 
Tables VII and VIII. It would be seen that the unit 
deflections for shell and beam were evaluated separately 
and there was no question therefore of the ‘‘ E’’ values 
cancelling out. D.fferent values might therefore be 
used with the same facility as equal ones. 

He thought that Dc. M:Namee had misunderstood his 
point about tabulation. It would clearly be an immense 
task to tabulate solutions for all values of the several 
variables. Tnis, however, would not be necessary. It 
would be adequate to tabulate solutions on a basis of 
parameters, i.e., dimensionless constants combining a 
number of variables. In shell calculations there are 
only two parameters ; in this instance as and bs and 
tabulation would be quite feasible. Edge beams need 
not be a feature of any such tabulation since if the 
required constants for the shell were available by direct 
reierence the unit constants for the edge beam could be 
evaluated from formule. 

He quite agreed with Dr. McNamee’s comments 
regarding “‘exact’’ and “inexact ’’ solutions. 

Tne National Physical Laboratory, as suggested, 
would certainly be a most suitable place where tabulation 
could be undertaken. The tables given in ‘‘ Lundgren ” 
are limited in scope and practical value. 

Replying to Mr. Sefton-Jenkins, he very much 
doubted whether the aluminium-cork sandwich board 
could be used for shells with spans of any magnitude. 
The insulation comparisons were of interest but if 
efficient insulation were required in the case of concrete 
shells quite adequate arrangements could be made by 
the use of “‘ Celotex’”’ lining, fibre spray, etc., on the 
soffit combined with the normal waterproofing on the 
extrados. He thought the figure of £750 mentioned 
as a Saving in fuel quite unrealistic and far in excess of 
any such possible economy in an actual practical case. 

The CHAIRMAN, closing the meeting, expressed thanks 
to the lecturers for the way in which they had answered 
the questions and handled the discussion. 
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Institution Notices and Proceedings 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, 5.W.1 :— 


Thursday, November 22nd, 1951 
Ordinary General Meeting for the e.ection of members 
at 5.55 p.m., followed by an O-dinary Meeting at 6 p.m., 
when Mc. G. B. R. Pimm, M.I1.C.E. (Past-Pyesiaent), 
will give a paper on “The Structural Engineer as 
Arbitrator, Expert Witness and Advocate.” 


Thursday, December 13th, 1951 
Ordinary General Meeting tor the election of members 
at 5.55 p-m., followed by a Joint Meeting with the 
Britisn Section of the Socié.é des Ingénieurs Civils de 
France at 6 p.m., when Monsieur L. P. Brice will give a 
paper entitled ‘‘ Construction of the Temple Barrage 
on the River Lot.” 


Thursday, January 24th, 1952 

Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when M-. Arthur Bolton, B.Sc. (Graduate), will give a 
paper on “‘ A New Approach to the Elastic Analysis of 
Two Dimensional Rigid Frames.” 

Members wishing to bring guests to the Ordinary 
Meevings announced above are requested to apply to 
the Secretary for tickets of admission. 


JANUARY EXAMINATIONS 


The Examinations of the Institution will next be 
held at centres in the United Kingdom and overseas on 
January 8th and gth, 1952 (Graduateship), and on 
January Ioth and 11th (Associate-Membership). 


EXAMINATION PASS LIST—JULY, 
HoME CENTRES 

The Examinations were held in July, 1951, at the 
usual centres in G.eat Britain. 

One hundred and ten candidates took the Graduate- 
ship Examination, and 251 took the Associate-Member- 
ship Examination, making a total of 361. Of these, 
52 passed the Graduateship Examination and 98 the 
Associate-Membership Examination. 

Tne names of the successful candidates are :— 
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GRADUATESHIP EXAMINATION 


ASHFORD, J. A., BAILEY, J., BAILEY, S., BARRITT, N., 
BEIRNE, T., BENNETT, R. W., Boxota, J., BosTon- 
MammMauH, C. O., BOSWELL, P., BRAMWELL, H. L., 
Croft, G. A., CLarK, T. A., CHopzKko-Zajxo, W. J., 
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M. J., Row Ley, N., Rocsers, K. J., STEELE, A. D., 
SkuPin, H., Stocks, T., SZELEPET, J., TAIT, A., TELLER, 
G., TURZYNSKI, L., Watson, J. R., WHEELER, G. F., 
WILLIAMS, F. L., WILD, P., WILLIAMs, L. W., WEAVERS, 
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AKROYD, T. N. W., ANCHOR, R. D., ARMSTRONG, J. B., 
BELL, S. J., BEwick, J. R., BLACKBURN, K. C., BOEUF, 
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J. R., Lewis, M. R., Liszka, S. K., LoncBottom, D. P., 
LowE, J. R., MACFARLANE, G. K. M., MACKRILL, H. W., 
MALLICK, S. K., MARSHALL, L. J., MATHER, R., MoLy- 
NEUX, J. S., MoncriEFF, M. L. A., Moss. B. J., NicutT- 
INGALE, R. A., O’CONNELL, W. N., OsBorn, H. D., 
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THE MACLACHLAN LECTURE 


GENERAL CONDITIONS 


Through the generosity of Mr. John MacLachlan 
(Retiied Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed tor by 
Associate-Members. The conditions of the presentation 
are as follows :— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second year 
the subject shall be confined to steel structures.  , 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution, 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appoinied by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 


5. No paper submitted shall have been published or 


read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. od. 


7. Should a competitor’s paper be conside.ed worthy 


of ranking second in merit, he will receive a consolation | 


award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture is submitted or because no lecture submitted 
is considered to be of sufficient merit to warrant an 
award, or for any other reason, the Institution shall 
transfer these sums to the Research Fund of the Insti- 
tution. J 
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_ PARTICULARS OF THE COMPETITION FOR 10952 

_ 1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1952. 
2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 

lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
‘possible in the text ; if they are essential they should 
be embodied in appendices. Photographs, drawings, 
graphs,’ etc., which would appear as illustrations to the 
lecture in published form, should accompany the script. 
‘If additional illustrations would be shown as slides, a 
list of these should be included. 
_ Lectures should be prepared in accordance with the 
requirements of the Literature Committee for publication 
“in THE STRUCTURAL ENGINEER. Candidates may obtain 
a copy of these requirements on application to the 
Secretary. 

4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 
_ 5. The closing date for the receipt of entries by the 
Institution is Monday, March 31st, 1952. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 
_ The next meeting will be held at 11, Upper Belgrave 
Street, London, S.W.1, on Tuesday, November 13th, 
at 6 o'clock, when the Section will hold an Engineers’ 
Forum and informal discussion, presided over by 
“Mr. Leslie Turner, B.Sc.; M.I.C.E. (Past-President), 
. S. M. Reisser, B.Sc., A.M.I.C.E. (Member), Mr. C. F. 
(Member), and Mr. C. H. Hockley (Associate- 
ember). 

Hon. Secretary: D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings will be held :— 
Monday, November 26th, 1951 
Second Ordinary Meeting, Reynolds Hall, College of 
Technology, Manchester, 6.30 p.m. 


Tuesday, January 22nd, 1952 
Annual Dinner and Dance at Longford Hall, Stretford, 


Wednesday, January 30th, 1952 
Three short lectures by Mr. W. H. Rosier, Mr. A. S. 
Sinclair, and Mr. C. Thirsk (Associate-Members), 


chester, 6.30 p.m. 
1 Hon. Secretary: A. S. Sinclair, A.M.I.Struct.E., 
28, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 
The following meetings will be held :— 
q Monday, November 5th, 1951 
Four films will be shown, namely “San Francisco 
Bay Bridge,’ ‘Collapse of the Remagen Bridge, 
“ Loch Sloy,”’ and “‘ Plan into Action,” at Derby, 7 p.m. 
{ | Friday, November 23rd, 1951 
“Designing for Welding,’ by Mr. F. Brooksbank, 
B.A. (Graduate), at James Watt Memorial Institute, 
Birmingham, 6 p.m. 
. Friday, January 25th, 1952 
“Notes on Soil Mechanics,” by Mr. J. Kolbuszewski, 
Ph.D., D.I.C., F.G.S., at James Watt Memorial Institute, 
6 p.m. 


followed by discussion, at the Reynolds Hall, Man- 
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Hon. Secretary. E. R. Deeley, A.M.I.Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 
Thursday, November 29th, 1951 
“Some Recent Midland Structures,’ at James Watt 
Memorial Institute, 7 p.m. 


Saturday, December 8th, 1951 
Social Function. 


Monday, December 31st, 1951 
The following films will be shown : ‘‘ Building of the 
South Bank Exhibition,’ ‘‘ Prelude to Power,” 
“H.M.S.O., Sighthill, Edinburgh,” at James Watt 
Memorial Institute, 7 p.m. 
Hon. Secretary ; M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 
The following meetings will be held :— 
Tuesday, November 6th, 1951 
“Contract and Similarities between Ship and Land 
Structures,”’ by Mr. G. M. Boyd (Associate-Member), at 
Cleveland Scientific and Technical Institution, Middles- 
brough, 6.30 p.m. 
Wednesday, November 7th, 1951 
The above meeting will be repeated at the Neville 
Hall, Newcastle, at 6.30 p.m. 


Tuesday, December 4th, 1951 
“ Factory Extension at Silvertown,” by Mr. Frank G. 
Etches, B.Sc.(Eng.), A.M.I.C.E. (Member), at Middles- 
brough, 6.30 p.m. 
Wednesday, December 5th, 1951 
The above meeting will be repeated at Newcastle, at 
6.30 p.m. 
Hon. Secretary : Ian MacGregor, M.I.Struct.E., 9, 
Ellison Place, Newcastle-upon-Tyne, I. 


NORTHERN IRELAND BRANCH 
The following meetings will be held :— 
Tuesday, November 6th, 1951 
‘The Use of Equal Strength Principles in the Design 
of Structures for Minimum Weight,” by Dr. R. M. 
Kenedi, A.R.T.C. 


Tuesday, December 4th, 1951 
“ Prestressed Concrete Beams and Slabs,”’ by Mr. A. 
H. K. Roberts, B.A., M.1.C.E.I. (Member). 
The above meetings will be held at the College of 
Technology, Belfast, at 7.30 p.m. 
Friday, January 11th, 1952 
Annual Dinner and Social Function. 
Hon. Secretary : S. G. Duckworth, M.I.Struct.E., 
“ Lisleen,”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings will be held :— 
Wednesday, November 7th, 1951 
Chairman’s Address, by Mr. R. Summers, (Member) 
at the Ca’doro Restaurant, Glasgow, 6 p.m. 
Thursday, November 8th, 1951 
Annual Dinner at Central Hotel, Glasgow, 6 p.m. for 
6.30 p.m. Buffet Dance at Central Hotel, Glasgow, 
8 p.m. for 8.30 p.m. 
Monday, December 10th, 1951 
Joint Meeting with the Institution of Civil Engineers, 
at Royal Technical College, Glasgow. ‘‘Some Im- 
pressions of Technical Education in the United States,” 
by Dr. D. S. Anderson. 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E., 
M.I.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 
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SOUTH-WESTERN COUNTIES BRANCH 
The following meetings will be held :— 
Friday, November 2nd, 1951 (at Plymouth) 

Chairman’s Address, by. Mr. L. F. Vanstone, 
L.R.I.B.A. (Member). The President and Secretary of 
the Institution will be present. 

Friday, January 11th, 1952 (at Newton Abbot) 

“Tne Reconstruction ot Abertillery Bridge,’ by 
Mr. Wallace A. Evans (Member). 

Hon, “Sécretary 2 > ED Ws), Howells ML Siruce E., 
c/o Messrs. T. L. Harding & Sons, Lid., 10/12, Market 
Street, Torquay. 


WALES AND MONMOUTHSHIRE, BRANCH 
The following meetings will be held :— 
Saturday, November toth, 1951 
The Chairman’s Address, which was given by Mer. G. H. 
Hodgson, M.I.C,E. (Member), at Cardiff, on October 
30th, and at Swansea on October 31st, will be repeated 
at the County Buildings, Colwyn Bay, at 6 p.m. 
Wednesday, November 28th, 1951 
“Structural Engineering Questions Answered,” at the 
Mackworth Hotel, Swansea, at 6.30 p.m. 
Tuesday, December 4th, 1951 
The above meeting will be repeated at the South 
Wales Institute of Engineers, Cardiff, at 6.30 p.m. 
Friday, December 14th, 1951 
“Piling, with particular regard to Sea Defence 
Works,” by Mr. J. Owen Lake (Associate-Member), at 
the County Buildings, Colwyn Bay, 6 p.m. 
Hon: Secretary’: “oR. ‘Stewards: “AANLE Strict 23 
Edrom, Ashleign Read, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 
The following meetings will be held :— 
Thursday, November ist, 1951 
‘““Some Interesting Bridge Reconstruction Schemes,” 
by Mr. E. Bateson, M.I.C.E. (Member). Combined 
Meeting with The Institution of Civil Enginee*s, 5.30 p.m. 
Friday, December 7th, 1951 
“Some Recent Developments in the Bulk Handling 
of Raw Materials for Stee!works,”’ by Lt.-Col. E. Ward, 
T.D., A.M.I.Mech.E. (Associate-Member), at Bristol 
University, 6 p.m. 
Friday, January 4th, 1952 
“ The Fabrication ot Steel Structures,” by Mr. O. H. 
Willey, M.Inst.W., at Bristol University, 6 p.m. 


mn Book 


Teach Yourself Mechanical Engineering. 
Volume 2: Engineering Components and Mater- 
ials, by A. E. Peatfield. London : English Universities 
Press, 1951. 240 pages. 7 in. by 44in., illustrated. 6s. 

This is an excellent book for students of Mechanical 
Engineering ; students of other branches of engineering 
would be well advised to obtain a copy for reference 
purposes. Concise descriptions, with illustrative draw- 
ings, are given of a multitude of components which are 
used in the assembly of machines and engines. 


To quote from the author’s preface, ‘‘In this volume 
no attempt has been made to deal with detailed engineer- 
ing design or calculations ; the sole object being to 
introduce to the student the various components and 
certain engineering practice.”’ 


The first chapter deals with bolts, nuts, washers, etc., 
and contains descriptions of such items as square-headed 
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Hon, Secretary > C. E. Saunders, MiI-Struct.2¢ 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. ; ; 

YORKSHIRE BRANCH 
The following meetings will be held :— 
Wednesday, November 21st, 1951 

“ The Baitings Reservoir,’ by Mr. T. E. S. White, 

BSc eLC.e. ", 


Wednesday, December 12th, 1951 
‘The New House of Commons—Foundations and 
Structure,” by Mr. S. Vaughan, B.Sc., M.I.C.E. (Vice- 
President). Combined meeting with the Yorkshire 
Association of Architects. 


The above meetings will be held at the Great Northern 
Hotel, Leeds, at 6.30 p.m. 

Hon. Secretary: E. Wrigley, A.M.I.Struct.E., City 
Engineer’s Department, Civic Hall, Leeds, 1. 


UNION OF SOUTH AFRICA BRANCH 

A most enjoyable meeting of the Branch was held at 
Barclay’s Bank Buildings, Johannesburg, on Tuesday, 
August 14th, when Mr. Stokes (Member) showed two 
films and gave a talk on prestressed concrete. The 
films covered the construction of the bridge over the 
Marne and the Galleries at Rouen. The meeting was 
attended by 50 members and friends. 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I1.C.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days, Mr. Tait can be contacted in the City 
Engineer’s Department, City Hall, Johannesburg. ‘Phone 
CA-leiteh OX 257 

Natal Section Hon. Secretary: E. G. Bennett 
A.M.I.Struct.E., c/o Reinforeing Steel Co., Ltd.; PO 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E.. 
P.O. Box 1692, Cape Town. 


CORRIGENDA 


The entry under the name of Mr. H. C. Husband on 
page 2 of the Sessional Programme 1951-52 should be 
amended to read as follows :— 

H. C. Husband, B.Eng., M.I.C.E., M.I.Mech.E. 

The entry under the name of Mr. A. P. Mason on the 
same page should read :— 

AteE. Mason. B.Sc. Mi Gare 


Review 


bolts, eyebolts, rag bolts, fish-tail bolts, wing 
nuts, thumb nuts, castle nuts, spring washers, tapere¢ 
washers, set screws, grub screws, etc., etc. The othe 
nine chapters on components are fully as comprehensiv: 
as the first chapter and a few items chosen at randon 
are :—Cotters, rivets, clutches, bearings, gearing, spring 
joints, glands, valves. Chapters XI and XII deal wit! 
engineering materials and testing of materials, an 
although these two subjects cover only eighteen pages, th 
allotted space is probably sufficient for a book of thi 
nature. Concise descriptions are given of the ferrou 
and non-ferrous metals and various non-ferrous alloys 
tensile and hardness tests are described briefly. 


The author is to be congratulated on the high standar 
of his drawings and for compressing into a small volum 
such a wealth of information on engineering component: 


W. M. 


ecember, 1957 
j 
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Presidential Address” 


By Walter C. Andrews, O.B.E., M.LC.E., M.L.Struct.E. 


Gentlemen : My first, most pleasant, and probably 
simplest duty this evening is to thank you and all other 
members of the Institution for having elected me Presi- 
dent for the coming year. 

My pride in the honour you have conferred on me, is 
tempered by a consciousness of the high standards set by 
‘my predecessors. It will be my earnest endeavour to 
live up to these standards and, God willing, to set them 
still higher and still further enhance the prestige of this 
Institution. I am fortified in the belief that these 
hopes may be realised, from a long acquaintance of the 
help so readily given by Members of the Council and 
the Institution’s officers. 

My duties as President officially begin this evening, but 
hey really commenced soon after I attained the honour 
of being your President-Elect, because then the prob- 
ability of having to prepare a Presidential Address 
became an obligation. In a belief that a study of the 
‘past is an aid to the future, and is a help in getting 
things into proper focus, I offer you a brief historical 
‘review, and trust that it will be as interesting for you 
to hear as it has been for me to prepare. 

The subject of my address then, is the development of 
Structural Engineering as applied to buildings during 
the past hundred years. 

My original thought was to take a much shorter period, 
Say my own life, or that of this Institution : but this 
being Festival Year, with its reminder of the Exhibition 
of 1851, I was led to study the design of the Crystal 
Palace, so-called. I found this so interesting that I felt 
impelled to take that date as a starting-point. Of course 
the objective design of structures did not commence 
then, but in the time at my disposal I had to set some 
limit, however arbitrary, and the one I have chosen 
has at least the merit of having some connection with 
this current year. I hope to show, further, that there 
are several other connections, some of them, to me at 
least, surprising. I should also say that I have limited 
my survey to developments in this country, not with 
any idea of suggesting that development and invention 
in Structural Engineering are confined to the British 
Isles, for that is far from being the case, but again to 
set a limit to the range of my survey. 


Sequence of Principal Materials 


In 1851 the principal materials in use for building 
were stone, brick and timber, and construction was 
telatively heavy in form. Cast iron and wrought iron 
were mainly used for purely engineering structures, 
although C.I. and W.I. beams were being introduced into 
mill buildings. Probably the greatest fillip given to the 
application of iron to building was the enormous expan- 
Sion of the railways, then taking place. Steel was 
ailable but only in small quantities at high prices, so 
that its use was then restricted to the making of tools. 
2xperiments were being made with lime and clay to 
produce stronger cements, but many years were to elapse 
Jefore the mixture now known as Portland cement was 
liscovered. Reinforced concrete and light alloys had 
jot been thought of. The sequence, therefore, of 


re 


a . 7 
*Given at a General Meeting of the Institution of Structural 
meers, held at 11, Upper Belgrave Street, London, S.W.1, on 


‘sday, October 11th, 1951. 


materials used in construction, and, to some extent, the 
sequence of decline also, has been :— 


Brick and stone 

Timber 

Cast iron and wrought iron 
Steel 

Reinforced concrete 

Light alloys. 


Brick and Stone 


For the greater part of the period under review the 
methods of brickmaking and of hewing stone remained 
static and their use followed traditional forms. Stone 
has now almost ceased to be used as a structural, as 
distinct from an ornamental, material. The low outputs 
of clay bricks and rates of laying them of recent years 
have led to a more scientific use of brickwork and the 
mechanisation of the methods of winning clay, of its 
preparation, drying and kilning. This mechanisation 
has all taken place since 1920. 

Bricks are still laid by methods and with tools which 
have hardly changed since their first application in 
this country. I was recently shown some old prints of 
work in progress in the early seventeen hundreds, and 
as far as I could see the only difference from what one. 
sees to-day was the fashion in the workmen’s wearing 
apparel. Although some investigations with a view to 
improving and speeding up methods of construction have 
been made, much more could be done in this direction. 
Brickwork, like stone, however, except for the smaller 
domestic dwellings, seems to have had its day as a 
structural element. 


Timber 


Timber as a building material is of such antiquity and, 
up to the recent past, supplies were so abundant, that the 
empirical technique of construction that was developed 
in this material over long ages before the basis of scientific 
and mathematical design was laid down, has persisted 
up to very recently ; timber construction has thus 
tended to remain a craft. Even in this country, where 
for years timber of building ‘quality has been lacking in 
any reasonable quantities, the need for economy in its 
use was marked by first, the ease with which we could 
exchange our manufactured goods for abundant supplies 
from abroad, and later by the economical application of 
a number of alternative materials. 

It is only in the last decade, when we as a nation are 
no longer rich and when these alternative materials are 
themselves in short supply, that the need for real econ- 
omy by the application to timber of design methods 
developed in other directions has been driven home. 
We thus find that a material which once acted as a 
model for the application of new materials, is now being 
remodelled on the lines of its original copiers. 

This more scientific approach in the use of timber has 
not been easy since many of the basic assumpiions used 
in design are even less valid for timber than they are for 
other materials of more uniform quality. This difficulty 
has been reduced in importance by improvements in 
methods of jointing and improvements in the grading of 
structural timber. 

Perhaps the most striking modern development in 
timber has been its transformation into plywood, and in 
laminated construction. Ornginating from decorative 


316 


veneers, the term plywood has been in use for slightly 
over thirty years. Resin bonding, which permits 
plywood and laminated construction to be used for 
external purposes, is of very recent application. 

It is probable that plywood, laminated boards and 
laminated frames offer the greatest opportunities for 
the scientific use of timber. 

While many interesting developments in_ these 
directions are taking place abroad, the necessity of 
importing the raw material, in our present economic 
condition, must restrict opportunities in this country 
of designing and constructing complete structures. in 
this most pleasant of materials. The use of plywood 
as formwork for reinforced concrete seems to me to be 
worthy of much more consideration than has so far 
been given to it. 

Iron and Steel 


I need hardly dwell on the phenomenal development 
in iron and steel. It is too well known to you all. It 
may, however, interest you to be reminded of a few 
salient facts. The manufacture of pig iron is, basically, 
carried out as it was in 1851. Plant has, of course, 
increased vastly in size and output increased. It is the 
use to which it is put that is different. 

As I have already mentioned, although steel was not 
unknown in 1851, its manufacture was arduous and 
expensive. Large-scale production by new processes 
was started by Bessemer in 1856, and developed by 
Thomas in 1878. In quite a short time steel, originally 
costing £60 a ton, was ultimately produced by the new 
methods for £12 a ton or less. 

The changes that have taken place in production and 
its relationship to growth of population, Great Britain 
figures only, of course, are shown in the following graphs. 
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The steel output figures are totals for all purposes, 
only about 12 per cent. being used structurally, but the 
trend in the structural application of steel is the same, 
if not greater. 

In the early years of the nineteenth century much 
ingenuity was displayed in the design and erection of 
structures combining cast and wrought iron with and 
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without timber. These combinations were then almost 
entirely restricted to purely engineering structures, such 
as railway bridges and terminal station roofs, either 
as arches or triangulated frames. The application of 
theories of flexure to beams brought about the develop- 
ment of new types of beam sections suitable first to 
cast, and then to wrought iron. This permitted the 
first step in a steady increase in possible floor spans. 
For example, in the case of mill buildings column 
spacing could be increased from bays of g ft. x 15 ft. to 
30 ft. spans in two-bay buildings, that is one line of 
columns instead of two. Gradually W.I. entirely 
superseded C.I. except for columns, and subsequently 
steel superseded W.I. 

This latter substitution has not been so obvious 
because of the great similarity in the sections used for 
the two materials at the period of the changeover. 
Except for roofs, however, iron and steel did not play 
a very prominent part in the construction of buildings. 
It is less than fifty years ago that the first fully-framed 
multi-storey building was erected in this country. The 
next stage in development was the application of 
welding for the formation of joints. This expedited 
the acceptance of the rigid frame, although its use 
is as yet severely limited. In spite of the great strides 
which have been made in methods of design of welded 
structures and in the technique of welding, riveted and 
bolted construction is still the most popular form. 


Cement and Concrete 


While the original patent for Portland cement, more or 
less in the form with which we are now familiar, was 
taken out before the beginning of the period under 
review, its production in really reliable quality is much 
more recent ; I think it is fair to say that the uniformity 
of quality has been brought about by the necessity for 
reliability in the making of reinforced concrete. 

The development of concrete reinforced with steel has 
followed a steady growth since 1870, but it was much 
later that designs were anything but extremely empirical. 
The most rapid development has taken place since the 
turn of the century. It is interesting to note how close 
in point of time has been the birth of modern steel, 
modern cement and modern reinforced concrete pro- 
duction. This parallel development has not taken place 
in any one part of the world. Until fairly recent times 
steel has been the material to which most attention has 
been paid in this country. Reinforced concrete has been 
largely a Continental affair, and its application in the 
British Isles lagged far behind that of plain steelwork 
Figures of cement output, while phenomenal, since as 
compared with steel it is almost entirely consumed ir 
building, do not give a true picture of the growth o 
reinforced concrete : much cement is used in plair 
concrete, in mortars instead of lime and so on. The 
general trend, however, is shown in the following curves 

The short history of reinforced concrete has been one 
of steady progress both in knowledge of the propertie: 
of the constituent materials and in the form and desigi 
of structures. It is true that we are not now so confiden 
as were some of the pioneers of this material at the tur 
of the century regarding the waterproofing and fire 
resisting qualities of concrete. Experience has showi 
that much more care and skill is required in making goot 
concrete and producing sound structure than was thei 
thought necessary. On the other hand, our ideas o 
continuous and rigid or portal frames, applicable & 
principle to any material, are due to developments ij 
reinforced concrete structures and observations on thei 
behaviour. These ideas and observations have in tur 
encouraged a number of new methods of calculatior 
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There has also been a greater realisation of the three- 
dimensional nature of many structures with consequent 
economies in design. More recently there has emerged 
“shell ’’ construction and prestressed concrete, both of 
which are so constantly kept before us that I need 
hardly comment further on them here. 


Light Alloys 


The basis of most commercial light alloy is aluminium. 
It was virtually a precious metal until 1886, when an 
electrolytic process of separation was discovered. Even 
then cost of production restricted its use to specialised 
work outside the structural field. Really serious 
‘consideration for building work did not begin until 
approximately 20 years ago. Although the last ten 
years have seen a threefold growth in its production, and 
‘several interesting and important structures have been 
built with frames of aluminium alloy, its use is still very 
small compared with other materials to which I have 
eferred. 

Bases of Design 


Until well into the nineteenth century, design of 
structures was based on “rule of thumb ”’ or tradition, 
‘thicknesses of walls, depth and curvature of arches, 
dimensions of piers and beams (generally of timber) 
were tabulated in building regulations or text-books 
‘such as Tredgold’s. Practice rather than theory held 
sway. As frames, both in timber and iron, were 
developed, necessitating the evaluation of direct forces 
as distinct from moments, graphic statics was the means 
employed. I am here concerned, of course, with 
knowledge as it was applied, not, necessarily, as it 
existed in the realms of pure mathematics. The elastic 
theories of beam sections developed at the end of the 
eighteenth century were not adopted for practical 
application until about 1860. ; 

As structures became more and more complicated, 

much ingenuity was used in applying graphical methods 
of analysis. So much so, that I think it fair to say, by 
the beginning of this century, it had become a fine art, 
even if much of it was involved in method and tedious 
in application. 
_ Overlapping this period was a gradually increasmg 
application of mathematics to the solving of structural 
problems. Engineers began to study the derivation 
of formule as distinct from merely using them largely 
without question. 
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The development of mathematical analysis was for 
many years limited to the design of individual parts 
of a structure. That is, beams were considered separ- 
ately from columns and from each other ; slabs and 
roof coverings, as distinct from the beams or purlins 
supporting them. It is true that connections between 
béam and beam, and beam and column had to be 
designed, but they were considered as connections or 
brackets rather than as joints. This outlook continued 
into the early days of reinforced concrete, but rather 
more obvious errors in this individual element method 
of approach eventually brought about the idea of the 
rigid frame. It was but a small step further to the 
consideration of frames in three dimensions. It is 
this latter aspect which is most in our minds to-day. 

The practical application of elastic theories and other 
mathematical concepts were evolved from one or more 
assumptions. These assumptions have been the subject 
of continuous query and investigation, and, while many 
of them are suspect or known to be untrue, they still 
serve their purpose in everyday work. Most of them 
erred on the side of safety. While one would wish to 
use methods of design which have been proved more 
accurate and economical in the use of materials, their 
application is as yet lengthy and cumbersome, and 
therefore costly in the design stage. Much thought is 
at present being given to this problem, and I venture to 
prophesy that it will not be long before a revolution in 
design methods takes place. 


Practitioners 


At the beginning of the period under review, building 
was an art, and as such was largely in the hands of 
architects. As the Industrial Era developed mechanics, 
such as wheelwrights, applied their knowledge to the 
construction of mill and similar industrial structures, 
as well as railway buildings and bridges. This led to 
the emergence of the civil engineer, who concerned 
himself, as one branch of his work, with industrial 
structures, leaving the design of public and domestic 
buildings still in the hands of the architect. As, in 
turn, the work of the civil engineer grew in magnitude 
and complexity, individual engineers found it necessary 
to limit the kinds of work they would undertake, and 
thus the present practice of specialisation began to 
take shape. Parallel with this development among 
civil engineers, the application of science to and the use 
of new materials in buildings, made it more and more 
difficult for the architect to design a structure without 
employing an engineer in some capacity, be it pro- 
fessionally or commercially. Thus we get the Structural 
Engineer as such. 


The Institution 


For the benefit of the considerable number of new 
members who join year by year, I make no apology 
for reviewing briefly the history and growth of the 
Institution. The increasing application of reinforced 
concrete in the early years of this century led a number 
of interested people to form in 1908 the Concrete Insti- 
tute, with the object of advancing the knowledge of 
concrete and reinforced concrete and direct attention 
to its best application ; affording means of communica- 
tion between persons engaged in design and execution 
of reinforced concrete work, and arranging periodical 
meetings to discuss practical and scientific subjects 
bearing upon reinforced concrete. It is interesting to 
note that while the scope has widened, the objects are 
the same to-day as then. The membership in those 
early days consisted of persons drawn from a number of 
different professions. They comprised engineers, archi- 


tects, surveyors, builders and contractors, the only 
qualification for membership being an interest in the 
subject of reinforced concrete, however casual. 

It was soon found that the original scope was too 
narrow and that there was a need for a common meeting- 
ground for persons interested in all types of structures, 
whatever their material of construction. This widening 
of interest was paralleled by a narrowing of qualification 
for membership, until eventually the main body consisted 
entirely of engineers, These developments were noted 
in 1922 by a change in name, the present one of the 
Institution of Structural Engineers, which in turn led to 
a considerable spread of influence and the formation 
of a number of branches. This spread of influence was 
recognised in 1934 by the grant of a Royal Charter. 
From the commencement the Institution was recognised 
by local and other regulation-making authorities, and 
the opinions of its members sought when regulations 
were being drafted. The first Science Committee was 
formed in 1908. Notwithstanding the continuing up- 
grading of conditions of entry, membership has grown 
steadily in numbers over the years, and, in fact, the rate 
of growth increases year by year. Our membership 
now stands at over 5,900, a testimony to the value 
placed upon our certificate of membership. 

For many years the Institution’s publications have 
been accepted as standards for design and its Science 
Committee has been in the forefront in rationalising 
the application of new forms of construction and the 
use of new materials. Since the war, and in the national 
interest, it has sunk its individuality to some extent by 
joining with other Institutions and Societies in producing 
Construction Codes which may be accepted on a national 
basis. 

Types of Structures 

Having briefly considered the development of 
materials and the types and progress in organisation 
of the persons using them, I now turn to the application 
of these materials. 
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It is somewhat difficult to establish any well-defined 
changes. Broadly, prior to the application of steel to 
structures, building structural elements consisted of 
the post, the beam and the arch. The advent of iron 
permitted much greater beam spans, but the most 
noticeable development was the frame, first in W.I. in 
conjunction with cast iron, then steel and so on. In 
each material the form of any particular frame followed 
that in use for the immediate predecessor, until a type 
more suitable to the properties of the new materials was 
discovered. Thus, early steel frames have the heavy 
look and detailed workmanship previously put into 
W.I. frames. At the present time aluminium alloy 
frames follow the lines of their steel counterparts, and 
there has yet to be developed a strictly light alloy type 
of construction. 

The first completely steel-framed building in~ this 
country was erected as recently as 1904, but even for 
this, the walls had to be of regulation thickness as if 
the steel frame was not there, and in spite of the steel 
being designed to carry the wall at each floor level. In 
London, frames in the form we now know them did not 
become legal until 1909. 

Apart from the development of the frame it cannot 
be said that there have been any great changes in, or 
additions to, the various forms of structure since 1851. 
What has happened from time to time has been the 
application of new materials or new techniques to old 
forms. 

The following illustrations may amplify this point. 
My first, Fig. 3, is that of the Crystal Palace, opened 
to the public in 1851. It was appropriately 1,851 ft. 
long and 408 ft. wide, with a total floor area -of 
755,208 sq. ft. The building was erected in 26 weeks 
from date of possession of the site, at one period 2,000 
men being employed. The ridge and furrow arrange- 
ment of the glazing seems to have given a rigidity to 
the whole structure which the form of construction 
otherwise lacked. 
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_ Fig. 4 shows a view during construction. A travelling 

frame was used to lift the main arch members in one 

piece. The whole building was a-model of prefabricated 

construction. 

Fig. 5 is that of a timber arched roof of 130 ft. span, 

being of laminated construction. 

_ Fig. 6 illustrates a lattice type of iron station roof. 
Fig. 7 you will probably recognise as York Station, 

with arch ribs forming a vault curved in plan. 

Fig. 8 shows the arched roof over St. Pancras Station. 

Fig. 9 is another arched roof, that of Olympia, called 

originaliy the National Agricultural Hall. 

- And, finally, in my first group, Fig. 10 shows another 

lattice type truss construction. Most of these were 

built round about 1851 ; all were in existence before 

1880. 

_ Fig. rr shows a fairly recent example of traditional 

steel truss construction, its spider web appearance being 

im marked contrast to an equally recent example of a 

steel portal frame illustrated in Fig. 12. 

Turning now to reinforced concrete, Fig. 13 is an 
‘example of a truss hardly distinguishable from one in 
imber, while Fig. 14 shows the Belfast type of truss 
‘used for Kelvin Hall. 

Fig. 15 is an example of precast reinforced concrete 
portal frames of varying spans, and finally in this section, 
Fig. 16 illustrates the spaciousness associated with a 
shell ”’ roof. 

Fig. 17 is a very recent application of modern design 
in timber, whilst Fig. 18 shows the possibilities of 
laminated board construction as used in the ceiling of 
the Royal Festival Hall. 

I have endeavoured to illustrate different approaches 
in different materials to one particular problem—that 
of roofs, these being the easiest examples to select in 
their naked form. 


Research 


The idea of research in building is neither new non 
modern. It is probably as old as building itself, ever 
if sometimes the research was being unconsciously 
pursued. Objective research with the intention of 
applying the results can reasonably be dated some 
200 years ago. What is to be particularly noted with 
tespect to research in the period under review is the 
development of the idea of co-operative research on an 
ever-increasing scale, involving tests of structures as 
distinct from individual members, and the relation of 
materials to influencing factors, in addition to assessing 
merely the properties of those materials. 

The building industry is made up of a number of 
elements, many of them having few points of contact 
with the others. It is basically an assembling industry. 
The steel producer has little in common with the concrete 
maker, The timber merchant nothing in common 
with the producer of aggregates. The engineer is 
faced with many craft techniques both individual and 
geographical. It is only by having a knowledge of all 
these differences in outlook and interest that he can so 
fuse the conglomeration as to achieve the result he 
requires. Co-operative research gives much help to 
this end. 
there appears to have been very little systematic 
esearch before 1914, although many people and organ- 
ations had begun to realise the need. The Department 
‘Industrial and Scientific Research was formed in 
f5, the section which mostly concerns us, the Building 
search Station, in 1917, and the Forest Products 
Laboratory in 1921. 

From small beginnings and working on day-to-day 
problems, the B.R.S. has evolved into a very important 
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organisation, with programmes both of immediate and 
fundamental research. Colleges, Technical Institutions 
and Industrial Associations also have important pro- 
grammes of research. 

This Institution has played a very useful part in 
indicating lines of research, assisting in co-ordinating 
the work of the various research bodies and, in short, 
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in keeping the building research worker in touch with 
engineers. A committee was formed for this purpose 
in 1946. After having done much useful work it has 
this year been amalgamated with the Science Committee 
under the new title of Science and Research Committee. 

The recent Building Research Congress has been a 
further step in the encouragement of the application of 
Science to Building. I am happy to have been the 
representative’ of this Institution assisting to bring 
about this first congress of its kind, and I am hopeful 
that much will result from it. 


Regulations 


There has been a kind of ebb and flow in the effects of 
Building Regulations on construction. Prior to, and for 
some years after, 1851, the detailed form of Building 
Acts suited the empirical nature of design of those times. 
Such Acts were not of national application and were 
limited to requirements for masonry and timber and to 
domestic and public buildings. The advent of iron and 
the enormous call for industrial structures attracted 
little attention from Public Authorities, and it was free 
to develop without control. 

Since about 1880, however, and until recent years, 
where construction has been subject to control, its effects 


Tele, @ it 


The Structural Engineer 


have been restrictive and have been a brake on progress. 
As an example, the London Building Act, 1879, required 
that walls of Portland Cement concrete should be one- 
third thicker than corresponding walls of brick. That 
may have been correct for 1879, but I found that to be a 
requirement in one urban district for 1.2.4 concrete 
as recently as 1928. 

The detailed requirements of the L.C.C. 1909 Act, for 
Steelwork and 1915 for Reinforced Concrete, and similar 
bye-laws in other large towns followed the tradition of 
earlier Acts in respect of masonry and timber in laying 
down most detailed requirements. They naturally could 
not be in advance of the knowledge existing at the time 
of drafting, so that they were out of date almost as soon 
as they were published. The illogical nature of regula- 
tions in such a form happily now seems to be realised 
in the more general character of the requirements of 


recent building legislation. Members of this Institution, 
past and present, acting both corporately and individu- 
ally, have played a large part in bringing about this 
change of outlook. There is, however, a danger that the 
recently formulated Codes of Practice may lead to a 
stifling of progress, and we should be on our guard 
against this, always remembering that the Codes are 
recommendations for the guidance of engineers, and 
are most definitely not intended as Specifications to be 
followed rigidly and blindly. 


Standards 


In any appraisal of our branch of engineering the value 
of standards must not be overlooked. When buildings 


generally local in origin. 
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were built of masonry and timber, the materials were 
The enormous expansion in 
trade, improvements in transport and changes in forms 
of construction which took place from 1851 onwards, 
made evident the great diversity in size and quality of 
the various materials and components which go to make 
up a structure. Gradually it was realised that in the 
interests of economical production some relaxation of 
the rugged individualism of the period was necessary. 
As with other aspects of my subject, the use of standards 
is very ancient, but there is a wide gap between the idea 
of standards of length and weight and those standards of 
function, quality and dimension with which we are now 
so familiar. 

Without a reasonable certainty of size and quality, it 
would be an almost impossible task for the engineer of 


» to-day to make the right choice from the great diversity 
_ of materials and range of forms which are at his disposal. 


= 


Fig. 13 


Towards the end of the nineteenth century, W.I. and 
steel sections could be obtained in practically any size 
desired, and there were a number of screw threads in 
use. This apparent freedom greatly retarded full 
mechanical development of production and kept up costs. 

The British Standards Institution is just 50 years old. 
One ofthe first results ofits formation was the standard- 


' isation of structural steel sections, which brought about 


a reduction by one-third of the number in use at that 


_ time, including a revision in the shapes of the sections 


generally to the form we now know. 
I need not enlarge on the growth of British Standards, 
their widespread application or the important part 
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played by members of this Institution in their pro- 
duction. 


Working Conditions 


A review such as this would not be complete without 
some reference, however brief, to the great changes for 
the better that have come about in working conditions. 


Fig. 15 


The production of wrought iron in 1851 was heavy 
work. The hours were long and pay poor. Puddlers 
usually died before reaching 50 years of age, frequently 
of pneumonia induced by extremes of heat and cold. 
Eye trouble and cataract were common. A chief 
puddler was paid 6$d. per hour and would work 60 hours 
per week. In brick and cement works the atmosphere 
was foul and, in the latter, dust laden, causing various 
lung diseases. On sites work was arduous, dangerous 
and uncertain, and wages very much at the mercy of our 
variable climate. Tests on structures were often made 
with human beings. The great advances in the use of 
mechanical aids have much lightened most operations, 
particularly in factories, and an awakened social con- 
science has brought about a great reduction in the 
incidence of industrial diseases. Rules for scaffolding 
mitigate the hazards on site. Against these improve- 
ments productivity on site has steadily declined. This 
isasocial phenomenon which is outside the scope of an 
address such as this. Much could be done, however, to 
balance this state of affairs by the greater use of me- 
chanical power. While the direct application of machines 
to site work is the responsibility of few of the members 
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of this Institution, more attention could be given by 
the designer of structures to methods of construction 
or erection on site than sometimes appears to be the case. 


Prophecy 


It is natural to be cautious in adopting new ideas 
or materials, but such caution should be based on 
reason and not simply bias. Prophets are so often 
confounded and objectors to change merely nuisances. 


Fig. 17 


I am led to make this somewhat sententious comment 
by a number of statements by such objectors which I 
have come across in my search for material for this 
address. The following are examples: 

Just prior to the opening of the Exhibition of 1851, 
it was said of the Crystal Palace “‘ A gigantic building 
of glass and iron could not be made stable. There would 
be a stupendous disaster. The first gale that blew 
would reduce it to a shapeless wreck.’’ Or again, 
‘““ Even if the glass case managed to resist the gales, the 
heat engendered by the sun when it poured its rays 
upon the glass would be so terrific that no human 
being could hope to withstand it, consequently if they 
escaped the avalanche of glass they would be roasted 
to death inside it.” 

Even a group of eminent engineers proved to their 
own satisfaction that the structure was unsound, yet it 
stood for nearly 90 years. 

In an introduction to a text-book on Iron published 
in 1872, the author stated that “It is questionable 
whether the substitution of iron for wood, bricks and 
stone is not being carried too far, and whether the new 
perishable substance is not frequently adopted for the 
sake of cheapness or facility of construction in cases 
where the more durable but less tractable material, 
stone, would be more appropriate, more noble and more 
worthy of the profession.”’ 

Such attitudes of mind are still with us. I need only 
remind you as an example applicable to the present 
Exhibition, of the fear of standing immediately under 
the Skylon! 

I have now completed my brief review. Much of 
what I have said will be well-known to some of you, 
but not I hope to all, particularly the younger members. 
If this historical study brings about some spirit of 
humility and acts as an inspiration to even a few, then 
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I shall feel well repaid. May I suggest that the con- 
clusions to be drawn are : ; 

1. There has not been a great change in the types 
or form of construction, but rather an increase in the 
number of materials at our disposal and improvements 
in techniques. 

2. That engineers should beware of thinking they have 
the final answer to any problem, but rather to keep an 
open mind. 

3. That each individual member should avoid, as far 
as lies in his power, specialising in one branch of struc- 
tures, or one material, at too early an age—in short, to 
endeavour to become an engineer rather than a mere 
designer of structural elements. 

4. To realise that structural engineering is a form 
of applied economics, and that there is an urgent need 
for the conservation of all materials and a saving of 
labour. 

5. That every job we do has a social significance. 

6. Appreciate that we are not more ingenious than 
our predecessors of 1851. Rather we have greater 
opportunities and better tools. They appear to have 
been hight of heart and sure of themselves—we not so, 
What we most require is the opportunity to apply new 
knowledge, use new materials, and develop new tech- 
niques, without restraint or restrictions—but they are 
conditions somewhat outside our ability to bring about. 

May I conclude by quoting the principal objects of 
our Charter : ; 

“To promote the general advancement of the science 
and art of structural engineering in any or all of its 
branches, and to facilitate the exchange of information 
and ideas relating to structural engineering amongst 
the members of the Institution and otherwise.”’ 


By following these objects in their spirit as well as 
their letter, our members will do work of service to the 
community at large, the Institution in particular, and 
of satisfaction to themselves. 
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Summary 


Pull out tests have shown that the distribution of 
bond stress along the column is an exponential function, 
and that the maximum value of bond stress occurs at 
the loaded end of the steel before any slip takes place, 
the order of the maximum value being 700 Ib./in.?. 
After initial slip, the position of maximum bond stress 
moves along the steel, its value remaining ‘sensibly 
constant. 

' If 300 Ib./in.* is taken"as the allowable bond stress, an 
embedded length of 20 diameters is theoretically sufficient 
-and this length is not proportional to the tensile stress 
in the reinforcement. 

The production of a crack in a reinforced concrete 
‘beam causes the bond stress over the crack to rise 
tapidly, and by comparison the bond stress over the 
uncracked concrete can be ignored. The maximum 
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value of the bond stress in beams, namely, about 
600 Ib./in.2 for BRC and MS reinforcements and 1,300 
Tb./in.2 for twist steel, is always reached at approxi- 
mately half the failing load. ; 
- Only mild steel showed complete load failure, while 
twist steel exhibited exceptionally good bond qualities, 
accompanied unfortunately by comparatively larger 
deflections and crack widths. The bond failure with 
mild steel only occurred when the yield point of steel 
had been reached, hence, if steel stresses are maintained 
well below the yield point, the question of bond failure 
is never serious. 


: Introduction 
_ The phenomenon of bond between concrete and steel 


is believed to be the result of two physical actions, 
firstly, the true adhesion between the concrete and 
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steel surfaces, and secondly, the frictional resistance 
due to the contraction of the concrete during setting. 

To find the nature of the adhesion, experiments have 
been carried out in the past, in which the shrinkage has 
been eliminated by curing under water. But the 
inconsistency of such results has never been explained, 
and in the present investigations it has been assumed 
that both adhesion and friction are present and that 
the combined effect produces “‘ bond.” 

In order to obtain bond distribution and critical 
values of bond stress which can be applied to normal 
reinforced concrete beams, pull-out tests were carried 
out during the years 1942-44 on reinforced concrete 
columns in which both the steel and concrete have been 
in tension, and artificial cracks introduced in beams 
reinforced with various types of mild steel reinforcement 
have made it possible to study the bond stress distri- 
bution in beams up to failure. 


Pull-out Tests 


Two lengths of mild steel bar were embedded in con- 
crete columns of square section, and separated and 
aligned by brass bushes. In order to obtain an accurate 
and continuous set of strain measurements in the steel, 
5/16 in. diameter legs were silver soldered to the main 
bar ; these legs projected outside the column, always 
clear of the concrete, and were placed in pairs dia- 
metrically opposite. The elongation between the legs 
was measured by dial gauge extensometers. 

The details of the three columns are shown in Table I. 


TABLE I 
Column No, | I 2 3 
| 
Embedded length of Two 18.5” | Two 18.5” One 10” 
8” diameter bar Onevs 
W/C ratio ... sa 375 -375 375 
| 
Ay. tensile strength 
of concrete .. | 670 lb./in.* | 660 Ib./in.? | 680 Ib./in.? 
Av. Comp. str. of 
concrete ... ... |12,300 lb./in. 2,411,800 Ib./in. 2,142,900 Ib. /in. 2 


After curing under damp sacks for 14 days the columns 
were tested in a Universal Testing Machine, the mild 
steel (M.S.) bars being gripped in the jaws of the machine, 
when each column failed in tension at about 6,500 Ib, 


Results and Discussions 


By averaging the strain readings on two diametrically 
opposite faces, thus eliminating the effect of eccentricity, 
the average bond in the steel was calculated to each 
gauge length, and assuming that the distribution of load 
is roughly parabolic, the calculated values are plotted 
at 1/3 pts. of the gauge length. Fig. 1 shows the load 
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distribution for column 2, and it is seen that the load in 
the steel drops rapidly over the first 6 in. of embedded 
length, and afterwards, except for an increase where 
cracks occur, the load remains constant over the remain- 
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Fig. 2.—Distance along column, inches 


ing length. This “‘ residual ’’ load in the steel conforms 
to theory where cracking has not taken place, e.g., 
for applied load of 1,000 lb., m (modular ratio) = 7. 


average area of concrete in tension = 13 in.?. 
“ equivalent ~ area’ of steel. .= 
7: Keg :305 hs 2 195 ae 
total area resisting tension = ee 
15.135 10.4 

1;000. X- 2.135 

load carried by steel = == .140- lb. 

15-135 


whereas the actual load carried by the central steel = 
130 lb. The bond stresses have been calculated by 
dividing the reduction in load over an increment of 
length by the effective steel area over the same incre- 
ment, and are shown plotted on Fig. 2, except over the 
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Fig. 3.—Distance along columns, inches 


central portion, which has been omitted for clarity. 
From this graph it can be seen that for loads up to 
4,000 lb., the bond distribution closely follows the load 
distribution, the maximum bond stress being at the 
“free”? end. This maximum approaches a value of 
700 lb./in.2 with a load of 4,000 Ib. Above this load, 
slip occurred, but not so as completely to destroy the 
bond, some sort of adhesion or drag between the concrete 
and the steel remaining. As the shp takes place, the 
position of the maximum bond stress moves along the 
column and its value is slightly less than the figure of 
700 |b./in.?. 

Fig. 2 shows that practically all the load has been 
transferred to the concrete in the first ro in. of embedded 
length. As the load is increased the amount of slip 
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increases, and the point of maximum bond stress moves 
down the column, and thus the maximum load which 
could be carried by the column would be equal to the 
load carried by the last 10 in. of steel where the true 
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bond would remain intact plus the “ drag’”’ over the 
length where the slip has taken place. This is shown 
by Gilbey, Chamberlain and Beal, who found that tke 
load still increased after initial slip. Figs. 3 and 4 
show similar load and bond distribution for column 3, 
and it can be seen that the maximum bond stress for 
the 10 in. length is 390 Ib./in.? at 2,000 Ib. load, while 
it is 670 lb./in.? for the 8 in. length. It is, therefore, 
clear that the 8 in. length was just on the point of 
slipping at 2,000 lb. load, whereas the Io in. length 
would not slip until the load is nearer 3,000 Ib. - 

In both cases the position of maximum bond stress 
moved along the column with increased load, and the 
value at the free end diminished. 

Gilbey, Chamberlain and Beal have stated that the 
total applied load at “first sliip’’ was approximately 


Fig. 5.—Bond stress, Ib./in.* 


proportional to the length up to an //d ratio of 30. The 
maximum loads~of 4,000—5,000, 2,000—3,000 and 
2,000 ib. for the 184 in., 15 in. and 8 in. embedded 
lengths respectively appear to agree with their statement. 
Readings of bond stress and the corresponding steel 
stress before slipping took place are shown plotted in 
Fig. 5. From this it can be seen that for any particular 
applied load, the bond stress bears a linear relation to 
the steel stress. 
Using the following notation : ; 
P = applied load at the “‘ free ’’ end of the bars—(Ib.) 
= bond stress at the “free’’ end of the bars— 
(Ib. /in.*) 
4%. = distance in inches of any point, measured from 
the “ free’’ end 
sx = small increment of distance — 
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Calc. allowable load (tons) 875 21 43 
‘Failing Load (tons) mis B07 49 Teal 


Act. steel stress at allowable 


Max. bondstress at allowable 


m. 


Type of failure 


load (Ilb./in.?) ... ne 39600 | 24900 16000 | 23500 


load (Ib./in. ?) we SB 550 580 260 380 
Max. bond stress (Ib./in.?) 650 650 650 700 
Comp. Steel Bond Steel 
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Table II 
Beam No. Es 2) 3 5 6 q 8 9 ro Il 
Bo) steel ae ae doi -59 oti .41 . 102 .205 .102 SEa25 .158 .204 . 408 .258 
‘ threaded 
Type of steel aK ac BRC BRC MS BRC MS MS MS MS ARS aS) FS 
Allowable steel stress (Ib. /in. *) 27000 | 27000 18000 | 27000] 18000 | 18000] 1 8000 | 1 8000 |_ 27000 | 27000 | 27000 


220 44 EO .18 .39 .65 43 


9550 | 13700 14600 13600 36500 27400 | 43000 


BO at Wes 26 
590 490 | 550 


Bond Bond Bond | Comp. 


P, = load in steel at distance «—(Ib.) 
bond stress at distance x—(Ib./in.?) 
small decrease in load over distance 3x 
fa,—= corresponding small decrease in bond stress over 
; distance 8x 
= steel stress corresponding to steel load Pa Ib./in.? 
3fs = small increment of steel stress 
= diameter of bar in inches 
A = a constant 


from Fig. 5 it will be seen that for a particular load 
the slope of the bond stress to steel stress curve is 
constant, 


dfs 
Peeewaeconstant = A. . ... . » (I) 
dfa 
cor of, = A Sf. ee a | 
4Pa 
Now/fs = —— 7 oo oat NR SS oot ae ee Se Be 6c] 
+ nd” 
5Pa 
and dfs =4 3 ‘ : ‘ A 5 Z F (4) 
nA? ' 
Combining (2) and (4) 
nd 3fa 
ses = ———— ei oS =, ea) 
4A 


Now since an increment of load along the bar must be 
balanced by the bond stress multiplied by the effective 
surface area of the steel, we have for length 5x :— 


; 3Pa es — fand 8x = Fi . . * ° wai, (6) 
nd” df 
from (5) and(6)———- . = —fardix . . -. (7) 
4A 
dfa 4A 8x 
= — ——__— ee ale Pics ge eet 
Sa d 
Integrating loge (fa)= eat JO): igs tase he ega 
ge site 


meee 3 ce. ee ATO) 


BRC = British reinforced concrete fabric, 
* MS = Mild steel. 
TS = Twist steel. 


where B and C are constants of integration 
when « = 0 ; fa = f and equation (10) becomes 


-4Ax 


d 
fale cps ae niigle Sey, so EL) 


Also, P, the applied load, must be equal to the sum 
of the total bond stress multiplied by the surface area 
of steel 


l 
efi 2 — CN oo ge Bee EE Bee) 
0 
-4Al 
raf d 
Hence P = ie so ea eee 
4A 


where / = distance at which the bond stress becomes 
zero. 

From equation (11) it will be seen that the bond stress 
distribution before slip occurs follows an exponential 
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Fig. 6.—Distance along columns, inches 


law, and its value at any point will depend on the stress 
at the free end, the diameter of the bar and a constant. 

Using values of A found from Fig. 5, the bond stress 
has been evaluated by means of equation (11) for various 


ay 


326 


loads at various points along the column. These are 
shown plotted in Fig. 6 as theoretical curves, the circles 
representing the actual stresses. It will be seen that 
equation (II) gives exceptionally good values for the 
bond stress distribution. The reason for the discrepancy 
between the calculated and actual stresses over the 
range 6 in.—8 in. for column 2 (4,000 Ib.) is the crack in 
the concrete which has affected the bond stress distri- 
bution. 


Much work has been done on the variation of bond 
stress with (a) the quality of the concrete, and (b) the 
W/C ratio, and while it is accepted that bond is little 
affected by the normal variations in quality of concrete, 
Abrams found a decided decrease in average bond 
strength with increase in W/C ratio. 


Assuming a maximum bond siress of 600 Ib./in.*, 
equation (11) gives A = .07 for the load producing such 
a bond stress at the free end. Taking a factor of safety 
of 2, the transmission length (length required to transfer 
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the steel load to the concrete without slip), is given by x 
where 


from which x = 20.3d, fa being taken as 1 Ib./in.?._ This 
value will often in practice include a safety factor of 6, 
as for example in column 3, where a 10 in. embedded 
length safely withstood a 6,000 Ib. load, which is six 
times the load required to produce a bond stress of 
300 Ib./in.2 and “x’’ as given by above formula = 
12.7 in., thus the factor of safety is greater than 6, when 
a maximum bond stress of 300 Ib./in.” is given. Sucha 
value as 20.3d compares favourably with 45d given by 
the old B.S.S. and 22.5d given by B.S.S. No. CP1r14 
(1948), which uses 18,000 l|b./in.? as the maximum allow- 
able stress in steel. 


Tests on Beams 


Details of the beams cast are shown in Table II. All 
the beams, except No. 6, were of 4 in. x 12 in. rectangu- 
lar section, 72 in. span, and in order that readings of 
strains in the concrete surrounding the cracks could be 
obtained, two or three artificial cracks were introduced 
by two thin vertical plates set in the lower part of each 
beam, and the reinforcement threaded through. ~ 
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While each beam was loaded cyclically up to failure, 
measurements of strains in the concrete were taken over 
an 8 in. gauge length in addition to those taken over a 
I in. gauge length over the induced cracks. 


Results and Discussion 


Assuming a linear stress/strain relationship for the 
concrete up to a compressive stress of 2,000 Ib./in.? and 
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that the concrete in tensions assists the steel, the amount 
of slip can be calculated as follows. 


Let the bond be eliminated over a distance 2x, 
then if (a) = extension of steel over this distance = 2x 
times steel strain 
(b) = contraction of concrete over this distance 
due to failure of the bond = 2x times 
concrete strain 
(c) = allowance for shrinkage = .0005 in./in., 
width of crack = (a+b+c). 


Bond Stress Distribution 
Beam reinforced with Twist steel (No. 11) 
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Having measured the width of the crack by means of a 
travelling microscope, the above linear equation in x 
can be solved. 

The steel extension over this distance 2x has been | 
subtracted from the extension recorded over the 8 in. 
gauge length and an average steel load over the remaining 
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gauge length calculated and plotted against 1/3 points 
as before. By joining such points exponentially to the 
theoretical values where no cracking had taken place, 
the graphs of load distribution were completed and an 
example of such a graph is shown in Fig. 7 : the curves 
were only drawn for the central portion of the beam, and 
the applied load is shown in tons units by each curve. 
The load distribution for BRC fabric, twist steel, and 
threaded steel are similar to the distribution for mild 
steel at low loads, but complete load failure never 
occurred with any reinforcement except mild steel. 


' 


_ Bond Stress at Crack Plotted against Steel Stress 
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Fig. 10.—Bond stress. Ib./in.? 


From such load distribution curves the corresponding 
bond stress distribution was calculated and curves as in 
‘Figs. 8 and g obtained. It should be noted that the 
extremely small values of bond stress produced by the 
small changes in steel load outside the loading points 
have been ignored and the bond stress distribution 
curves produced to zero. 

In the case of beams reinforced with BRC fabric, 
the bond stress increased with increase of load to the 
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about 500 lb./in.?, while further loading caused slip and 
the outward movement of the point of maximum stress. 


The threaded steel, in spite of considerable slip at 
higher loads, did prevent complete bond failure. The 
concrete filling the threads probably cracks under the 
high tensile stress and produces a condition similar to 
that of a rough bar surrounded by concrete. The 
maximum value of under 700 lIb./in.? bears out this 
suggestion. Threaded steel therefore prevents sudden 
failure due to elimination of bond. 


Twist steel showed very little slip and had exception- 
ally high values of bond stress (1,200—1,700 Ib./in.2) 
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Fig. 11.—Width of crack 


this maximum value again being reached at approxi- 
mately half the load producing yielding of the tension 
reinforcement. 

Table III has been drawn up to show that the advan- 
tages of twist steel are offset by the larger deflections and 
crack width which the allowable load produces with 
twist steel. 

Fig. 10 shows that within the working stress for steel, 
the bond stress bears an approximately linear relation- 
ship to the steel stress. A similar curve for twist steel 


maximum bond stress was 600-650 Ib./in.”. 

Mild steel reinforcement gives consistent steel load 
distribution up to the yield point of the steel, and here 
yielding produced complete bond failure over the 
ntral portion, thereby making the beam almost a 
tied arch. The maximum bond stress was reached at 
pproximately half the yield load, and its value was 


: TABLE III 
Beam No. . I 2 3 4 5 7 8 9 Io II 
threaded 
BRC BRC MS BRC MS MS MS TS ithe. bo TS 
Central deflection at allowable load ie 05” Orr 025” 02” 1025’ OES [eee Ea, |) Gt ee ten 
No. of artificial crack a. es 3 3 3 2 2 3 | 2 2 2 
Width of crack at allowable load 14 ripe 05 05 .05 05 .08 .25 ra: |. “a5 
mm mm, mm mm. mm | mm mm, mm mm mm. 
Width of crack at Max. bond stress ... -145 .I5 .14 12 13 10 Xe 45 20 40 
mm. mm. mm. mm mm. | mm mm mm. mm mm. 
‘ | | 
‘maximum load with no sign of bond failure. The could be drawn, and for a steel stress of 10 tons/in.? the 


corresponding bond stresses would be 500 lb./in.2 for 
BRC, MS, and 1,000 lb./in.? for twist steel. ~ 

While Fig. 11 refers only to the rectangular slab type 
of beam, it indicates the relationship of bond stress and 
crack width, and such a set of curves should be very 
useful in the design of structures subjected to water 
pressure. 
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Why Not Use Three Moments ? 


By C. Marsh, B.A. (Graduate) 


Introduction 

The three-moment equation is, undoubtedly, the 
best-known and most popular among designers of all the 
expressions relating to rigid frames, but its full power 
seldom appears to be utilised, or even realised, and it is 
often discarded in favour of rather more exotic methods 
for complicated frameworks. 

This paper sets out to show that it supplies perhaps 
the simplest and yet the most powerful of all the methods 
of analysis as applied to rigid frames composed of 
members of prismatic sections. 


Standard Formulae 
The derivation of the three-moments equation is 
given in most engineering text-books, and need not be 


re-stated. The final expression relating to the bending 
moments in two bays of a continuous beam loaded thus : 


Figo at 
is :— 
1s fie dE Los GAGs, 
Ma—+2MsBf —+— }4+ Mc— = 
vi Leads is ae 
+ 
L, I, lL, L, 


where Ma, My and M¢ are the hogging moments at the 
supports. 


Table 1 
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-L, and L, are lengths AB and BC respectively, J; and 
I, are the moments of inertia of the sections AB and BC 
respectively, A,x, and A,x, are the moments of the areas 
of the bending moment diagram for the loading on AB 
and BC about A and C respectively, and 3, and 8¢ are 
he downward deflections of the pIpDORe: A and C 
respectively relative to B. 

This expression, for a beam of uniform moment of 
inertia with no deflection of the supports, subjected to 
uniform loading, reduces to its most familiar form :— 


wL,3 wl, 
ip L,) a McL, ae + 


M,L, + 2 Mz (L 
- 4 + 
aL 


is the evaluated term 6AX/L. The evaluation of 


Bm 4 

this term for less simple cases of loading, sometimes 

occasions difficulty, and to simplify the analysis a list 
6Ax 


is given in Table I of this term for » various 


fe 

conditions of loading. + 

_ These expressions can be superimposed directly for 
any type of loading that can be obtained by combining 
them. 

_ In more unusual cases not accounted for in Table 1, 
it is possible to calculate the required expression by 
direct integration using the expression for a single 
point load. 


FIGURE 1 
Moe 


FIGURE 6 
wr 
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If wx is the loading along an element 8x of the beam 
distance x from the end, then the term for this element 
of loading is :— 


eG) 


and the expression for the total load is :-— 


18 
3% Nee 
““€-()) 
Ie L 


For a loading following the sine law for example :— 


TX 


wx = WSin 
iL 
‘elagD ejaee—— 
VE 
6AX tf X GaN 
== wL?sin ( ( ) Je 
LE (EP MOE iL 
0 
6wL3 
ze 
3WL? 


P) 


where W is the total load. 

Where more than two members meet at one point the 
three-moments equation is extended to become the 
four-moments equation. 


Fig. 2 


Any two of the members meeting at the point are 
selected, such as AB and BC in the figures above, and 
an equation formed thus :— 


Ey 5 sce Le 

M,— + 2M,—+2M,—+M,— = 

I q, I, 2 

Gl 3 6E 8,3 6E 8c 
ie ae ie 

tts be yb dis 


1 -= 
6A,x, 


This equation can be seen to reduce to the standard 
three-moments equation if M, = Ms, Le., if AB and BC 
are the only members. 

Using such expressions (7 — I) iidependett equations 
are obtainable where there are » members meeting at 
the point. 

With these weapons in hand the greater majority of. 
the varieties of rigid frames can be attacked and dealt 
with without any appreciable difficulty. 


Applications—continuous Beams 
The use of the three-moments equation for continuous 
beams requires no further treatment here, except where 
encastré ends occur. In these cases one can either 
“reflect ’’ the beam about the encastré point, or, 
preferably, treat the 35 beyond this point as being of 


infinite rigidity, ie, — = O, the resulting equation is 
I 


then exactly half that obtained by reflecting. 
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Thus in the case of a propped cantilever subjected to 
uniform loading :— 


Rages 
wL’ wl? 
AB— 0 + 2M(L+0) + 0 = Vibes 
4 8 
(AB indicates the spans for which the equation is 


formed.) 
For a beam encastré at each end with a single point 
load :— 


Fig. 4 
—AB 2M,L + ML = WL*( (1—k)—(1—A)3) 


AB— M,L+2M,L = WL*(k--k’) 
from which :— 
M, = WLR (1—h)? 
M, = WLI? (1—Ah) 


If a simple collar roof behaves as an arch the rafter 
can be treated as a simple continuous beam, thus :— 


Fig. 5 
w 

2M(a+b)= -— (a? 4+ 03) 
4 

w (a+ 63) 

_M= - — 

8 a+b 


From the knowledge of this moment the redundant 
force can be calculated. 

These are simple and standard results but the ease of 
analysis and the simplicity of the method of attack 
becomes most evident in plane frames in which no 
displacement of the nodes occurs. 


Single Span Portal Frames 


The solution of a simple portal frame by three moments 
is well known :— 


Fig. 6 
wl’ 
ABC 2M(h +L) + ML = a 
4 
wL3 
eee ss ak = — 
4(2h+ 3L) 


If the frante has encastré bases it is usual to assume 
points of inflexion at one-third the way up the legs and 
treat it as for a simple portal. 

This does not yield an exact result owing to the 
displacement of this point of inflexion, but the exact 
solution is not difficult to obtain. 


Fig. 7 
—AB —2M,h + Mh =a (0 
ME aM 
2 
wL* 
ABC —M,h + 2M,(h+L)4+MQL = —— 
4 
wL3 
Mos = 
6(A + 2L) 
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A haunch tied portal frame which contains two 
redundances, succumbs quickly to this method of 
attack. 


Fig. 8 
wceos? 6 LL 


ABC 2M,(h+L) + M,L 


4 
weosti 0, 
BC— Mia eM bee 
4 
weos? 6 L3 cos?6 L? (2h+ZL) 
os M, = and M, = — 
4(4h+3L) 4 (4h+3L) 


Knowing these moments the redundant forces can 
be evaluated at once. 

Where the frame is unsymmetrical, or is subjected to 
unsymmetrical or side loading, sway occurs and must 
be taken into account in the analysis. The general 
three moments equation contains terms relating to 
deflections. In order to establish the necessary number 
of equations, however, equilibrium conditions have 
usually to be included. 

- In the frame shown below both the frame and the 
load are unsymmetrical : 


' Fig. 9 

Let the deck, BC, sway to the right a distance 8. 
Whether this is the true direction or not is of little 
importance, as if it is wrong, it will merely be negative 
when evaluated. 

To form the equation for the bays ABC and BCD, 
it is necessary to know the relative signs of 8. This 
can best be done by opening out the frame to see in 
which direction A and D move relative to B and C, thus : 


Fig. 10 
A moves up relative to B, whilst D moves down rela- 
tive to C, thus 8 is negative and positive respectively. 
ABC 2M,(a+L)+M, L = 
WL2((1—k)—(1—k)®) —6EI - 
BCD M,L+2M,(L+6) = 
WL?(k—h®) 4+ 6EL ; 


There is also the equilibrium condition :— 


from which :— 


WL*ak(1—k) { (2—k)a+(1+h)b } 
Mi ee 
, 2(a3+-a?L+aLb+0l?L-+ 5) 


This problem instances a case that would probably 
have been more readily solved arithmetically in actual 
practice, but the extra labour required for the algebraic 
analysis is well repaid when, in the future, similar cases _ 
arise. , 
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_ The power of the three moments equation is most 
forcibly shown in the analysis of a pitched roof portal 
frame. ; 
Fig. 11 

Both C and B deflect relative both to A and to each 
other. Let-B move outwards 3, C will then drop 
SS 
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_ The necessary three-moments equation can now be 
formed :— 


7 Lb Ié 
ABC 2M, (h+ )+ M,— = 
cos 0 cos 8 
4 , ’ wl 


8 8 
+ 6EI (- + — tan °) 
4cos 0 h ro 


, 


: L i iL M,L 

BCD M, + 2M, + —)+—= 
cos 8 cos 9 cos 9 cos 6 

oS 7 VE 


WL Y 8 
+ — —6EI ——-++ ) 
4cos® 4cos 0 Lian Ltan 6 

There is also an equilibrium condition relating M, 


to M, :— 


: Fee. & wl 
> M,= —— (hr + L tan 6) — 


By ee 2 
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From these equations we get :— 


wL3h(h + 8 L tan 6) 
M, = 


h? cos 6+ 3Lh? + 3L2h tan 6 + L3 tan? 6 


avery useful standard solution. 


Multi-span Frames 
The solution of frames in which more than two 
members meet at one node requires the use of the four- 
moments equation. This is most simply illustrated by 
a twin-span portal subjected to side load at deck level. 


Fig. 12 
Let the deck sway through a distance 8, then :— 
. 3 
ABC, — 2M,4 + L) +.M, L =—6EI- 
h 


8 
BCD —M,L + 2M,L+2M,h = 6EI- 


h 
which, together with the equilibrium conditions :— 
2M,+ M, = Wh 
M, = 2M, 
give: 
Wh (3L + 4h) 
Mo = a 
¥2 (L +h) 
Wh (3L + 2h) 
M, =— : 


12 (L +h) 
Similar expressions are readily obtained for multi- 
span. portals under down load. 
For example, a three-span portal :— 


Fig. 13 

wl 

ABC 2M,(h + L) + ML ae eee 
4 

2wL* 

BCE: M,L+ 2M, + 2M + ML > —— 
pay 

wL 

BCD M,L + 2M,L + 2M,h ee 
4 


The only equilibrium condition is :—M, = M,—M,. 


These equations give: 
2 wL(2he + -£) 
iM, Lae Ce eee 
(20h? + 30AL + gL?) 


ds 


wLth wL*(8 hd 12hL +3L2) 
M, SS M = 
2(20h?+-30hL +9L?) 4(20h?+ 30hL +9L?) 


The use of the three-moments equation provides a 
rapid means of supplying an approximate answer for 
the redundant forces in a latticed frame where a pre- 
liminary design is required to give some idea of the size 
of the members before a full strain energy analysis is 
conducted. This “‘ preliminary ’’ design will often be 
found to be sufficiently accurate to be treated as a 
final one. 
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Where a large number of equations have to be solved 
the fundamental expressions can be inserted into a 
matrix to facilitate their solution, but usually the 
simple straightforward successive elimination of un- 
knowns is as quick and more readily understood. 


Deflections 

Although the deflections for most of the cases of 
loading are tabulated and easily looked up, occasionally 
it is necessary to work them out, and here again the three 
moments equation supplies the complete method of 
calculation. 

In the beam in Fig. 14, the deflection at the point B 
is given immediately by the equation : 

OAIx, 
M,L, + 2M,(L, + L,) + ML, = ——— 


L, 
(ce Ee oh ee I I 
Ee Be 2 Gh fs (— i ~) 
Bs Teas 


Fig..14 


Two striking examples of the facility by which 
deflection can be determined are given below. 

In Fig. 15 two symmetrically placed loads are applied 
to a simple beam. It is required to find the deflection 
at the load. ; 
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Fig. 15 
—2M(a + b) —Mb=—6EI -,M = Wa 
a 


*. § = War(2a + 30)/6EI 


The continuous beam in Fig. 16 is cantilevered from 
one support. The deflection at the end of the cantilever 
is given by : 


w(a?+ 53) 6EI 8 
2M (a+b) = ——————_ 4. — 
4 a 
wa* 
Wis 
2 
wa 
ae (3a3 + 4ab —b3) 
24EI 
Conclusion 


From the foregoing range of analyses it is evident 
that once one has a grasp of the fundamental three and 
four moment equations, as most structural designers 
have, the solution of any rigid frame can be obtained, 
and the need for the more exotic methods can be re- 
stricted to very complex frames where exact analysis is, 
by any means, impracticable. 


A Comparison of the Bearing Power of 


Footings on Dry and Inundated Sand* 


Discussion on Dr. W. Eastwood’s Paper 


Introduction 


In introducing his paper, Dr. Eastwood said that 
there were two principal conclusions to be drawn from 
the tests described in the paper. The first was that the 
bearing power of foundations on dense inundated sand 
was higher than would be expected from the usually 
accepted theories, and the second was that the mechan- 
ism of failure was very different from that assumed in 
any of these theories. Because of this second conclusion 
it would appear that any agreement between these 
theories and the results of experiment was quite for- 
tuitous, and was unlikely to hold except over a narrow 
range of conditions. . 

It was perhaps a little unsatisfactory to leave the 
matter rather in the air by not suggesting an alternative 
general theory, but he believed that from the tests so far 
carried out he would not be justified in doing so. It 
was only possible to say, as had been said in the paper, 
that the inferred mechanism of failure was confirmed 
by simple statical analysis, but it was quite possible that 
for larger footings, or for non-surface footings, or for 
lighter and less frictional bearing materials, the mechan- 
ism would not be the same. 

It may be thought that the use of the stress distribu- 
tion according to the elastic theory was an over-simplifi- 
cation, but. to use any so-called plastic theory would 


*Paper read before the Institution of Structural Engineers at 
11, Upper Belgrave Street, London, S.W.1, on Thursday, January 
11th, 1951. Mr. J. E. Swindlehurst (President) in the Chair. 
published in THE STRUCTURAL ENGINEER, Vol, XXIX, No, 1, 


Pp. 1-11. (Jan., 1951.) 


be no more correct since the inherent faults were just 
as great. 

Further, it was made clear in the paper that the 
calculations were intended to serve more as an indication 
of feasibility than as positive proof. 

Referring to the @ value, it was stated in the paper 
that the value of 2 was possibly smaller for the inun- 
dated sand than for the dry sand. Since the paper was 
written, some further tests had been made which 
showed that for shear tests on saturated sand carried 
out in about the same time as one of the footing tests, 2 
is about 1 deg. lower at small pressures but only slightly 
lower at high pressures than for dry sand. For a quick 
shear test the 2 values were hardly altered by inunda- 
tion, probably because the inundated @ value was raised. 
shghtly by the greater pore water stresses. | 

Dr. Eastwood then went on to describe a more recent - 
investigation into the effect of vertical vibration on the 
failing load of footings. This investigation has provided — 
further confirmation of the mechanism of failure de- 
scribed in the paper. 

Finally, he apologised for not having carried out tests 
on footings below ground level. Such tests were 
obviously necessary, but there was a limit to the amount 
of work which a solitary worker could get through 
without the aid of skilled soil technicians. 


Discussion 


The PRESIDENT, having proposed a vote of thanks 
from the Chair to Dr. Eastwood, called on Mr, F. R.- 
Bullen (Member of Council) to open the discussion. 
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seemed to be particularly appropriate at the present 
moment in view of the abnormal rainfall, whether they 
were on sand or anything else. A short time ago he 
_had had to go to a site to see how the work was pro- 


mess ; the contractor assured him everything was 
perfectly all right, but he himself had grave misgivings 
and, in fact, had to have a considerable amount of extra 
reinforcement put in the work. 


Without discussing it he would like to refer to a 
paper which was presented to the Institution of Civil 
_ Engineers some months ago by Mr. Guthlac Wilson. 
That dealt with: foundations in sand and clay and 
seemed to him to constitute a powerful contribution to 
soil mechanics. What he would like to have seen in 
Dr. Eastwood’s paper was a diagram relating the 
pressure or load on the footing to the settlement actually 
measured. He would like to see such a graph of settle- 
ment under load to see the shape it took. He believed 
that such a graph would be found to be in two parts. 
_ The first part would be approximately linear and then 
at some point fairly clearly marked, he thought they 
“might find that it departed from a straight line and the 
- second part became something of the order of a para- 
bola. Had Dr. Eastwood any information in that 
regard ? He would also like to ask Dr. Eastwood if he 
would define the term “ ultimate bearing capacity of a 
foundation.”’ This term was often used but he had 
never seen it carefully defined. 


~Dr. G. G. MEYERHOF (Associate-Member) said that in 
‘the design of foundations for large structures an estimate 
of the allowable bearing pressure was of great importance 
_and that depended on the ultimate bearing capacity of 
the soil and the permissible deformation of the structure 
by unequal settlement. The author’s work on the 
_ bearing capacity of surface footings on dense sand was, 
therefore, of considerable interest, particularly as little 
published information existed on the main problems 
of his investigation, namely, first the effect of the shape 
of footings of equal width and second, the effect of 
inundation or submergence of the material on the bearing 
‘capacity of sand. 


_ The influence of the shape of surface footings of equal 
width on the bearing capacity of sand had been contro- 
versial for a long time, and the author suggested that 
this was partly due to inadequate attention in the past 
to the size of the model footings in relation to that of the 
box containing the soil. Extensive research at the 
Building Research Station!,2 had led to the same 
conclusion and indicated that for surface footings on 
dense sand a minimum clear distance of 10 times the 
footing width was required at the side of rectangles, and 
five times the footing width at the end of rectangles, the 
‘side of squares or circles and the base of footings of any 
shape. These distances represented two to three times 
the dimension of the actual failure surface in a very 


1G. G. Meyerhof : ‘‘ An Investigation of the Bearing Capacity of 
Shallow Footings on Dry Sand.” Proc. Sec. Int. Conf. Sotl Mech., 
Rotterdam, Vol. 1, p. 237, 1948. 
_ °G. G. Meyerhof : ‘‘ The Bearing Capacity of Sand.” Building 
Res. Sta. Note, No. C 159, 1950 (to be published as Nat. Building 
Study Research Paper). 


i 37. P. Luby and_A. Woolf : “ An Experimental Investigation of 
the Relation between the Bearing Capacity of Dry and Wet Sands. 
B.Sc. Thesis, M.I.T., Cambridge (Mass.), 1928: (Trans. Am. 
Soc. C.E., Vol. 109, p. 452, 1944.) ' 


4G. G. Meyerhof : ‘‘ A General Theory of Bearing Capacity.” 
Building Res. Sta. Note No. C. 143, 1949. (To be published in 
GEOTECHNIQUE.) :' 


Mr. BULLEN said that inundation of foundations 


ceeding, and was confronted with a perfectly appalling. 
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large box so that on the author’s own admission only 
his 3 in. footing tests were reliable. 

The B.R:S. investigations also showed that for surface 
footings on dense sand the bearing capacity increased 
slightly from circular to square areas and very rapidly 
from square to short rectangular footings, and that for 
rectangles of a length/width ratio exceeding 6, the 
increase was small. For compact sand the variation 
with shape of footing was similar but less pronounced, 
while for loose sand no difference whatever was observed 
between circular, square and rectangular areas up to 
a length/width ratio of 36. From -this investigation it 
might be concluded that the shape effect was a function 
of the relative density of the sand or its angle of internal 
friction, which would explain why some investigators 
found less. difference between square and rectangular 
areas than others. With the limitations given above 
in regard to the relative size of footings and box, previous 
investigations appeared to be quite consistent with these 
findings. They were also supported by the author’s 
results when restricted to 3 in. wide footings for which 
unfortunately no squares had been tested ; the bearing 
capacity of the latter was expected to be about three- 
quarters of that of long rectangles?,?. 

The influence of inundation of sand on the bearing 
capacity of surface footings had previously been investi- 
gated in some detail® and for a uniform fine and medium 
sand (like the author’s) it was found that a rise of the 
water table to the surface reduced the bearing capacity 
of dry sand by about 40 per cent., which was in accord- 
ance with the effective unit weight of the material. 


_ Extensive research at the Building Research Station? 


led to the same conclusion as shown in Figs. I and 2, 
where the “ wet’ bearing capacity was compared with 
0.6 times the “dry” bearing capacity for surface and 
deep foundations, respectively, and the results showed 
reasonable agreement. Additional tests of footings on 
sand subjected to various rates of upward ground water 
seepage, which further reduced the effective weight up 
to piping of the soil, were also in fair agreement with 
the theory. These results were further confirmed by a 
series of loading tests, which they had carried out in 
the field, using plates of different sizes up to 2 ft. 
square on sand in a compressed air caisson in London. 

In view of all this laboratory and field evidence it was 
somewhat surprising that the author found that the 
dry bearing capacity was reduced by not more than 
20 per cent. or one-half of the theoretical amount when 
the sand was inundated. The difference might be due 
to an excessive rate of loading or an insufficient cover 
of water at ground level at the ultimate load. Dense 
sand dilated when loaded and this expansion set up a 
tension in the pore water leading to an increase in 
bearing capacity, unless the tests were carried out very 
slowly so that no tensions were induced. Further, if at 
the ultimate load the water table was only very slightly 
below the ground level, the bearing capacity was 
increased by. the same phenomenon as above and in 
addition by a greater effective weight and an apparent 
cohesion. 

Finally, in connection with the author’s analysis 
of his test results Dr. Meyerhof suggested that the 
ultimate bearing capacity of soils could not even approxi- 
mately be estimated by the theory of elasticity. At 
the plastic state of stress existing in the failure zone the 
elastic theory no longer applied so that the magnitude 
and direction of the actual stresses weze completely 
changed and must be estimated by the theory of plas- 
ticity. This theory’ showed that the bearing capacity 
was unaffected by ground failure to one or both sides 
of strip foundations, and it gave results in fair agreement 
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not only with the magnitude of the ultimate load, but 
also with the mechanism and extent of failure observed 
in the author’s and previously mentioned tests. 


Mr. R. H. SguirE (Member) hoped Dr. Eastwood 
would be able to carry out further experiments on the 
same lines on a larger scale. He thought, without in 
any way decrying the work, that the scale was far too 
small, on account of the limited range. Perhaps the 
author might elaborate on that a little. 
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Fig. 1.—Relation between bearing capacity and porosity 
for surface footings on submerged sand 


In Fig. 11 they had a graph showing the ultimate 
pressure per square foot plotted against the equivalent 
width or diameter in inches. Extrapolating from that 
graph they would have, say, twelve tons per square foot 
at three feet wide, and 24 tons at six feet wide, but quite 
obviously it seemed to him there was a limit. That 
was one of the things to which he referred when he said 
that that work was on too small a scale. He hoped 
Dr. Eastwood would comment on that in his reply. 

At the top of page 7 the author remarked that the 
footing did not tilt more than one or two degrees, despite 
the fact that the loading arrangements did not impose 
any restraint on rotation. That was a point he would 
like to query. He estimated that, judging from Figs. 8, 
14, 15 and 17 that there was definitely a restraint—a 
certain amount of restraint—against rotation. Suppose 
one side tilted alittle bit the edge of the proving ring 
against the top support, or the top of the jack, or the 
base of the jack against the baseplate would all tend 
to throw an eccentric load which would immediately 
produce a rotating effect. That was what he meant 
by restraint. A little explanation on that point would 
perhaps clear the air. 

Some of the tests did tilt a little. Which way did 
they tilt ? Did the side nearest the upheave in a single 
failure go down or did the other side go down? If the 
side removed from the heave went down it would support 
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the theory of a circular movement, as indicated in Fig. 4. 
If theside near the upheave sank, one might say that the 
wedge portion CDE had been pushed up, but the sand 
pushing it up had simply spread away from the side B 
(Fig. 4), and that side would drop. That, in his limited 
experience, was what happened in foundations which 
had failed. All the settlement had occurred on the 
same side as the upheave. There was a large and very 
well-known example of that in the silos at Winnipeg 
which, he thought, must be known to most of the 
members. The silos canted over considerably, and the. 
side to which they canted was that on which the upheave 
occurred. 

From Fig. 16, the distance from the edge of the three- 
inch footing to the point where the rupture broke the 
surface was 154 inches and the depth 5.6 inches ; witha 
four-inch footing it was 20? in. and depth of 6% in. 
The wider the footing the greater that dimension, so 
that for a six-inch wide footing they could expect 
something considerably in excess of 20 inches—say 
perhaps 24 in. But where the 6-inch footing failed on 
both sides the distance was given as 16 and 21 inches to 
where the surface was -broken. Why that interested 
him was that with a double upheave he would expect a 
shorter distance from the edge of the footing than one 
did in the case of a single upheave on one side only. It 
would rather indicate that the method of failure was as 
shown in Fig. 4 for a single heave and as Fig. 6 for a 
double failure, which would give less depth to the lowest 
point and less width from the edge of the footing to the 
outcrop. 


Dr. H. Q. GOLDER said that he had himself done some 
work on bearing tests on sand to which Dr. Eastwood 
had referred. With some of the results Dr. Eastwood 
was not in agreement and on this count Dr. Golder 
would defend himself. 

To illustrate that the problem was by no means 
simple or obvious, Dr. Golder read two extracts from 
papers which he had delivered to the Institution of 
Civil Engineers. In the first he had said (referring to 
the bearing capacity of inundated sand), “it would 
mean that the strength of a sand foundation would be 
approximately halved if flooded, but that was not the 
case.’’ From another paper written several years later 
he quoted : “‘ However, the tests demonstrated in a 
striking manner that the ultimate bearing capacity of a 
frictional material is approximately halved when the 
material is inundated.’’ This latter statement was 
based on the results of some careful laboratory tests. 

Dr. Eastwood had claimed that his (Dr. Golder’s) 
tests were carried out in a box which was too small and 
were therefore unreliable. Dr. Golder agreed that the 
box was possibly on the small side, but did not consider 
that this invalidated the results since the surface of 
failure observed with a footing 3 in. wide gave a value 
of 3 to 1 for the ratio of the distance from the edge of the - 
footing to the surface of failure, and the width of the — 
footing. The same ratio was observed in some smaller | 


_ tests done recently. The variations obtained in tests 


of this type were such that in his opinion it was not — 
possible to say the angle of friction was so much and 
we could therefore calculate the bearing capacity. It- 
was only possible to work back from a measured value 
of the bearing capacity to an angle of friction which > 
gave agreement with a theory and to say that this angle 
was within the possible range. Using this technique 
on tests 1 ft. square and 2 ft. square on natural sand 
(therefore no questions of box restraint came in) he had 
obtained results in agreement with the Prandtl and 
Terzaghi Theories. He did not think that this agree- 
ment was purely fortuitous. ; 
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_ As to the position of the surfaces of failure, in his 
| original tests he did not expect such a high angle of 
internal friction for the sand as-was in fact measured. 
It was only this large value of angle of internal friction 
which forced the theoretical surface of failure so far 
away from the footing. In practice the surface of 
failure was often much closer to the edge of the footing. 
This was substantiated by Dr. Meyerhof’s results, and 
_ it was noticeable that his theory gave a surface of failure 
well inside that given by Prandtl for the same angle of 
friction. Dr. Golder suggested, and pointed out that 
‘it was ‘only a suggestion, that it might be possible that 
the resistance depended on the angle of friction in the 
_ dense state, but that the position of the final failure 
surface depended on the angle of friction in a loose 
_ state, because failure could not occur until the sand in 
~ the zone of failure was in a loose state. 
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_ Fig. 2._Relation between bearing capacity and porosity 
for buried and driven foundations in submerged sand 


Dr. Eastwood had stated that there was no experl- 
mental confirmation of Terzaghi’s statement that the 
bearing capacity was approximately halved when the 
sand was inundated. Dr. Meyerhof had already pro- 
duced his own test results and those obtained by Woolf 
in 1928. Although not published until 1944, they show 
that the ratio of the bearing capacity inundated to that 
dry varied from 0.36 to 0.66 depending on the grading 
ofthe sand. Since Dr. Eastwood’s paper had appeared, 
Dr. Golder had repeated his tests on dry and saturated 


4 in. and the ratio was 0.53. The mean for all the tests 
“carried out was 0.57, the theoretical answer for the sand 
in question was 0.61. Thus four sets of tests were in 
agreement with the theory, but Dr. Eastwood did not 
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agree. It was therefore necessary to try and discover 
where Dr. Eastwood had gone wrong. Dr. Eastwood’s 
own tests showed no scale effect with increasing width 
of footing so that the smaller tests could not be ruled 
out on this basis. One further point had already been 
mentioned by Dr. Meyerhof, namely, the rate of loading. 
Dr. Eastwood did not state the rate of loading in his 
test, but stated that all the tests had been carried out 
at the same rate of loading. He had used a sand which 
was finer than that employed by Dr. Golder in his own 
tests and Dr. Golder thought that possibly he (Dr. 
Eastwood) had obtained an increased bearing capacity 
by using too high a rate of loading. This was just a 
suggestion. There was a photograph in Dr. Eastwood’s 
paper which showed a motor-car type jack which had 
been used for the loading. In Dr. Golder’s- opinion 
this was too crude an apparatus for this type of work. 


In looking through Dr. Eastwood’s results it would 
be found that a variation of 30 per cent. in the mean 
value was all that was required to bring them into 
agreement with the theory. This variation was equiv- 
alent to a variation of 1 deg. to 14 deg. in the angle of 
friction, which was I to 2 lb./cu. ft. in the weight of the 
soil. The densities quoted by Dr. Eastwood varied 
from 106 to 110 lb./cu. ft., but he did not state the 
density in his saturated box-shear tests, but just stated 
that his aim was to get the same density. Although 
the average density in the box may have varied very 
little, the density from point to point may have varied 
considerably, as was suggested by the densities measured 
in the buried tins. It had been shown by Mr. Yassim, 
of Imperial College, that it was necessary to control the 
density to-within 1/roth of a lb. per cu. ft. in work of this 
sort. It was exceedingly difficult to make sure that the 
density was uniformly controlled within these limits. 
That was why Dr. Golder suggested that it was really 
only possible to work back from a bearing capacity to a 
calculated angle of internal friction. There were two 
ways to succeed in solving this problem. One was to 
work at different densities measuring the densities 
every time and plotting resistance against density, and 
the other was to work with a frictional material, not 
sand, in which the angle of friction did not vary greatly 
with the density. 


There were one or two other points on which one 
could differ from Dr, Eastwood. The first was that he 
did not state correctly the mechanism suggested by 
Krey, who had not assumed a rotation, and who showed 
a vertical junction between the two sections, and carried 
out a complete statical analysis for the circular section. 
Further, Dr. Golder was of the opinion that the placing 
of the paper strips would cause some disturbance of the 
sand. What the effect on the final answer would be 
he did not know. Again, on page 8, a stress distribution 
was shown calculated on elastic theory. At the point 
where the curve for V crossed that for H it was implied 
that the angle of friction was 45 deg. and below this 
point it was greater, so that the pressure distribution 
suggested was an impossible one which indicated that 
elastic theory could not be used in this case. 


Dr. Eastwood suggested that the only way to find the 
bearing capacity on the sand was to do a loading test. 
Although Dr. Golder agreed that loading tests were of 
great value, when carried out on large footings they were 
exceedingly expensive, and most engineers would not 
face up to this expense. Soil engineers had not yet 


. been able to provide the best solution to this problem. 


Dr. Golder suggested that to use a factor of 0.75 for 
inundation instead of the theoretical 0.5 was an extremely 
risky thing to do if based simply on the test results 
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given in this paper. There was always the chance that 
some engineer reading the paper might carry out this 
suggestion, design a building based on it, and that an 
accidental inundation of this foundation might cause 
the collapse of the building. 


Dr. B, H. Knicgut (Member) said that he felt that 
after Dr. Golder there was not very much for him to 
say, but at the Air Ministry they were interested, when 
they read on the first page of the paper that the results 
would be useful in designing road and runway pavements 
on frictional soils by the Golder method. He thought 
at first that he was perhaps in some agreement. with the 
author, but somehow he could not see it as he went 
along. Fig. 12 rather shook him. He felt that the 
“scatter ’’ on that figure was such that he would hate to 
make any deductions at all from it ; he looked at it, and 
decided it was not right, and he would ask Dr. Eastwood 
if he really thought he could draw any conclusions from 
such a scatter ? Pe 

He had listened very carefully to Dr. Meyerhof’s 
remarks and that was his own line of thought, and he 
thought others might have a similar point of view, 
because they read on page 6, “ The ultimate load was 
not nearly so distinct for the square and circular footings 
as in the tests on rectangles.’’ When he had finished 
reading the paper he was still in a fog. There must 
surely be some connecting link between those three 
shapes of footing. That was very important, so that 
he asked for a further explanation of page 6. ; 

He had read the paper several times, but the fact 
was that he was still quite unable to accept the con- 
clusions. His physics at school had prepared him for 
the effects of inundations on bearing capacities of soils, 
‘but he felt it was physically impossible to get a reduction 
in bearing value of the small magnitude quoted by the 
author. It was extremely important from a design 
point of view if it was right. When he reached that 
point he felt he had missed something in the reasoning, 
which he could not see. Perhaps the author could give 
them some explanation, which he had not been able to 
find in the paper, for that great divergence from the 
accepted reduction in bearing capacity caused by 
flooding of a soil. 

There was one final point, and he thought it applied 

to a great deal of other research work in that field, done 
with a rigid type of bearing plate. He would like to 
‘know if the author thought he would get results anything 
like that if his stresses were applied hydraulically to a 
river dam. It was stated in the first paragraph that 
those loads applied to any loaded surface. Aeroplanes 
-did not have steel plates underneath them when they 
-came down. He would like to know how much those 
results applied in the case of a flexibly applied load, 
such as an aeroplane tyre. He hated to have to draw 
attention to it, but runways were mentioned, and at 
the Air Ministry they would lke more information 
.about that. 

He thought the clarity of the paper was the only thing 
he had got out of it. It was extremely clearly written, 
and even if the ideas were wrong, which he thought they 
were, he would recommend it for study purposes. 


Mr. P. L. Capper (Associate-Member of Council) 
thought the previous speakers had dealt fairly exhausi- 
ively with some of the main controversial points in the 
paper, but there were one or two things he would like 
to bring up. There was the question of applying these 
results to a runway, and he thought even Dr. Golder 
‘would agree that the conditions there were quite different 
from those in the tests. In these there was a definite 
-loading on a precise area, and it was allowed to penetrate 
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into the surface of the sand, and the sand slipped up on 
one or both sides, which it could not do in the case of a 
runway. The results of the paper, however good they 
might be, could not be applied very accurately to those 
conditions. é 

Some of the speakers had mentioned the question of 


the relatively small size of the footing used in those 


tests. Although a lot of valuable information could be 
obtained from small scale tests, factors like the variation 
in density and other conditions probably had a relatively 
much greater effect on the results than they would have 
on bearing tests with a larger area. 

Turning to Fig. 11 which showed some rather curious 
curves he could not help thinking that if he had been 
confronted with a series of points as shown there, they 
would have indicated a straight line to him—one for the 
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Fig. 3 


squares and rectangles and the other for the circles, in 
this form—(and Mr. Capper drew on the blackboard 
the two lines in question). 

The author had mentioned the question of the sand 
heaving up on one side or both sides and suggested that 
the Terzaghi and Pradtl theories were not applicable 
because they assumed heaving up on both sides. He 
suggested it was a’question of symmetry of loading. If 
they could have ideal conditions, loading absolutely 
axial and the material perfectly homogeneous one would — 
expect heaving up on both sides. In those tests and in | 
practice there was always some slight variation from 
those conditions and therefore one-sided failure was 
much more likely, as had been shown by the tests. 

Towards the end of the paper the author introduced 
some of the elastic theory, which he thought had been 
commented on by Dr. Golder. He suggested that for — 
sand on the point of failure the assumption. of elastic 
conditions was not accurate, and also, he would say that — 
the theory of plasticity was also inaccurate in that case. 
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_ Itseemed to him that with that sand two things might 
happen. They might have bodily displacement of a 
volume of sand which actually heaved up. That seemed 
to indicate that a chunk of sand might be pushed up, 
but in some part of the area of failure there must be 
movement of the grains over one another—granular 
flow—of which he thought no one had ever tried to 
apply a theory of that type. As he saw it the theories 
which had been put forward by Prandtl and others 
assuming some sort of slip failure and trying to account 
for it, were probably the best they could do and it 
remained for the experimenters to discover whether 
those assumptions were near the mark or not. The 
author had made a very useful attempt at solving that 
problem and he did not wish to discuss the question of 
whether he had got the right answer or not. That had 
already been fairly discussed by other speakers. 

_ There was one other point—the direction in which the 
footing turned when the failure took place. 

_ (Turning to the blackboard, Mr. Capper illustrated his 
point with a diagram.) If one had a building which 
failed owing to the material heaving up it would, he 
‘thought, only fail in onedirection. If, however, it was 
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Fig. 4a.—Rectangular footing 


restrained at the top, as would be the case in that 
experiment, then it would tend to swing round and the 
opposite corner would go down. 


hese experiments were based on the assumption that 
the sand would heave up on either side of the foundation : 
surely there were few buildings where such things could 
happen, the sand being restrained ; even on runways, 
the slab on either side restrained the soil from heaving 
up. A different action must therefore be the case with 
sand under compression only and would therefore alter 
the bearing capacity of the sand considerably, the paper 
did not seem to refer to these conditions. The only time 
conditions such as that indicated in the paper could 
apply was ona flat surface such as a desert or similar 
case where there was no earth or restraining soil on 
sither side of the footing. Perhaps Dr. Eastwood could 
explain and indicate the actual bearing value of sand 
when it was restrained on either side. 

‘Mr. Joun Faser (Associate-Member) said it was 
mentioned in the conclusions that a loading test was a 
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Mr. B. L. Crark (Associate-Member) thought all 
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safe basis for designing footings, but Dr. Golder appeared 
not to agree with this. He had said that the soil 
mechanicians should be able to do something better 
than rely on tests and should be able to do something 
by way of calculation. That, Mr. Faber thought, was 
the meaning of Dr. Golder’s remarks . . . 

Dr. Golder interposed to say, “‘ Not quite.” He did 
not imply that they had got the answer yet. 

Mr. John Faber said that that confirmed what he 
had already believed, and that was why he could not 
understand Dr. Golder’s objection to the use of the 
loading test, the cost of which was normally a very 
small proportion of the total cost of a project and 
indeed in many cases gave information which enabled 
there to be a saving in cost. 

In Mr. Gower Pimm’s excellent paper, ‘‘ The Limita- 
tions of Soil Mechanics as Applied to Foundations,’’* 
Engineers had been warned of the difficulty of getting 
proper samples and the unlikelihood of these small 
samples being representative of the large mass from 
which they had been taken. No doubt this was what 
Dr. Eastwood had in his mind when he said that the 
practical Engineer’s way of dealing with this problem 


LoAao o— 


SETTLEMENT — 
Fig. 4b.—Square Footing. 


was to make a loading test wherever possible and see 
just what happened, and he had not pretended to rely 
too much on those long formule, so popular in some’ 
fields, which many people admitted were not yet fully 
understood. 


Dr. Eastwood's Reply 


In replying to the discussion, Dr. EAstwoop thanked 
Mr. Bullen for his kind vote of thanks. Mr. Bullen was 
not alone in trying to understand what was meant by 
ultimate load since it was difficult to realise without 
seeing an actual test that a peak load could be reached 
as the foundation was pushed further into the soil. 
That was the case, however, and for rectangular footings 
the load which the ‘footing could withstand would 
suddenly drop at the instant when definite planes of 
sliding were first formed. 

In the discussion there had been no disagreement 


- with one of the two main conclusions, the one concerned 


with the mechanism of failure. It appeared from 
Dr. Meyerhof’s report that failure had occurred in 
exactly the same way in his tests. In view of this it 
seemed unfortunate that Dr. Meyerhof was trying to- 
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propagate his plastic theory in which the assumed 
mechanism of failure was very different from the 
observed phenomenon. Dr. Meyerhof was to be con- 
gratulated on the elegance of his method, but it had 
defects which were just as serious as any in the so-called 
elastic theory. Evenif the soil behaved in the same way 
as mild steel, exhibiting perfect elastic properties up to a 
definite yield point and then becoming almost perfectly 
plastic, it would not be possible to forecast the stress 
distribution and the boundary of failure zones under 
the foundation. When the problem was complicated 
by the soil having a non-linear stress-strain relationship 
up to the “yield point,’ a sudden reduction in the 
shear strength of an unknown value after the “ yield 
point,’ and the unknown effect of dilatance on the 
stresses in the surrounding areas of soil, it was quite 
futile to suggest that any plastic theory was correct, 
even if the boundaries of failure zones fitted those in 
the experiments. In Dr. Meyerhof’s case his arbitrarily 
chosen boundaries did not fit those, observed in the 
experiments. 


Dr. Golder had been quite right to point out that 
locally a value of g > 45° would have to exist for the 
author’s stress distribution on the face of the wedge AB 
of Fig. 20 to be correct, and that the stress distribution 
must be modified, therefore, by plastic flow. It was, 
however, generally considered quite legitimate in many 
soil mechanics problems to ignore local overstressing 
in shear and to assume that neighbouring areas which 
were understressed took part of the load. The @ circle 
method of analysing the stability of slopes was a good 
example of this. It must be borne in mind too that 
Dr. Eastwood did not claim that the statical analysis 
was exact. In introducing the paper he had said “ the 
calculations were intended to serve more as an indication 
of feasibility than as positive proof.” 


Turning to the question of the reduction in failing 
load caused by inundation, Dr. Meyerhof had said that 
his results had agreed with the generally accepted 
theories. It should be pointed out, however, that there 
were many serious defects in the design of Dr. Meyer- 
hof’s experiments. First, Dr. Meyerhof had not carried 
out his inundated tests at the same density as his dry 
sand tests, and had to interpolate between two bearing 
pressures obtained for dry sands, one of which was 
more than four times the other. Secondly, he had not 
measured @ in the completely inundated state, and if 
in the case of his sand @ had been reduced by only 1° by 
inundation, his measured bearing pressures would be 
affected by as much as 20 per cent. Finally, his experi- 
ments had been carried out on a very small scale, the 
footings being only 0.5 inches and 1 inch wide. Dr. 
Meyerhof had reported elsewhere that oil on the base 
of these footings had reduced the bearing power con- 
siderably, whereas this was not the case with the author’s 
larger footings. Might it not be that the water had 
acted as a lubricant also and reduced Dr. Meyerhof’s 
values ? 


Even if Dr. Meyerhof’s experimental results could be 
taken to be without defect his analysis of them was a 
little difficult to understand. Referring to Fig. 2 shown 
by Dr. Meyerhof, it would be seen that for the two 
buried footings (the driven one should not be considered 
because it was not known what the relative effects of 
driving the footings in dry and wet sands would be) the 
bearing power on the “‘ wet’ sand was quite consider- 
ably above the curve obtained by multiplying the 
bearing values for dry sand by 0.6 Even as Dr. Meyer- 
hof had drawn these curves, the wet results for the 
0.5 and 1 inch footings were about 18 per cent. and 
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II per cent. high respectively, although at first sight 
this fact is rather masked by the logarithmic plotting. 
Further, not everyone would draw the two curves as 
Dr. Meyerhof had drawn them. The author’s version 
would be as in Fig. 3, from which it will be seen that 
his “‘ wet ’’ points are 25 per cent. and 20 per cent. too: 
high respectively. Thus the results are nearer to 
agreeing with the author’s than they are to the theory 
which Dr. Meyerhof says they confirm. 


Further doubt is cast upon the interpretation of 
Fig. 2 by the fact that Dr. Meyerhof has rounded off 
the porosity values to the nearest 1 per cent. before 
plotting. It can be seen that if the porosity of any of 
the points on the “dry”’ curve is altered by only 
0.5 per cent. the interpolated bearing value correspond- 
ing to the “ wet ”’ tests is affected by as much as 10 per 
cent. 


Dr. Meyerhof had also stated that further reducing 
the effective weight of the soil by subjecting it to upward 
seepage gave results in fair agreement with the theory. 
Dr. Meyerhof’s results were not published here, but the 
author had seen them and all the results at low rates of 
seepage were too high, in some cases the average for a 
particular rate of seepage being 15 per cent. out. 


To sum up, the author thought that not only were 
Dr. Meyerhof’s experiments badly designed as far as 
the inundated tests were concerned, but his results were 
capable of a very different interpretation from the one 
he had put on them. 


Dr. Golder had also carried out a few small-scale 
tests on a single 2 in. diameter footing and a rectangle 
44 in. by 14 in. These tests were a repeat of some tests 
carried out some time ago, and since no further details 
were given of the method of test it must be assumed 
that the testing technique was the same. In the earlier 
tests it had not been possible to compact the sand in the 
wet state to the same density as in the dry state, and as 
Dr. Golder had just stated himself, this would reduce 
the bearing power in the wet state enormously. 


Further, it would appear from his description of the 
tests that the wet sand was compacted first and then 
inundated. It was virtually impossible using such a 
procedure completely to saturate the soil and it was 
possible that sufficient air was trapped in the sand 
seriously to alter the effective density. j 


There was also the point that Dr. Golder’s sand was 
not very compact, whereas the author’s sand was very 
dense. As the author had said in his introduction, it 
was not possible to generalise on the behaviour of ‘sand 
at different densities from one set of tests on dense sand 
and there was always the possibility that despite the 
shortcomings of Dr. Golder’s tests, his results were just 
as correct for the conditions of test as the author’s. : 


Regarding the size of the box in which the tests were 
carried out the author had been assailed on two sides, 
first by Dr. Meyerhof, who said that the author’s box 
was too small for the 4 in. footings, and then by Dr. 
Golder, who insisted that an even smaller box had 
been big enough for tests on 6 in. footings. The truth, 
of course, lay between the two. Dr. Meyerhof’s rules 
regarding the size of box had been obtained using very 
small footings, and as was generally accepted the dis- 
turbed area of sand decreased relative to the size of the 
footing as its size increased. The author had no doubt 
whatever, and Dr. Meyerhof would agree if he saw one 
of the tests carried out, that the 4 in. footing failure 
surfaces were not interfered with in any Me by the 
boundaries of the box in the present tests. : 
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It was also equally obvious, as stated in the paper, 
_ that the box was too small for 6 in. footings, and he 
thought that Dr. Golder had probably been misled by 
the mechanism of failure being completely changed in 
his even smaller box. 


Dr. Golder had made some very important remarks 
regarding the necessity for maintaining the density 
of the sand at a constant value in tests of this sort. 
This had been realised from the beginning and in the 
present tests the density had not been allowed to vary 
by more than 1/20 lb. per cubic ft. from the first test to 
the last. Dr. Golder had misunderstood the purpose 
‘of the density tin tests, which was merely to show 
whether extra compaction was needed in the corners 
and near the edges of the box to get the same density 
as in the centre. The density tin had given the same 
average density wherever it was located. The varia- 
tions in the individual measurements did not reflect 
an actual change of density which was known to be 
constant, but were merely the product of experimental 
error. 


_ Dr. Golders’ fear that placing the paper strips might 
have upset the results was not justified. The disturb- 
ance of the sand was very local, and the average test 
result when using the paper strips had been almost 
exactly the same as when no strips were used. 


_ Referring to Dr. Knight’s contribution, the author 
said that he could not understand Dr. Knight’s diffi- 
- culties about the reference to pavement design. All 

that was said in the paper was that the test results 
would be useful in connection with any method of 
pavement design, such as for example the Golder 
method, in which the runway thickness was related to 
the ultimate bearing capacity of the soil. This statement 
was so simple that it was almost platitudinous. The 
merits of different methods of pavement design were 
not discussed and Dr. Eastwood had not taken sides 
in the paper. The question of the possible effect on 
the bearing capacity of applying a load through a plane 
tyre instead of a steel plate should really be directed 
at Dr. Golder. But although the author agreed that 
this was one of the inherent weaknesses in the Golder 
method of pavement design, that method must have 
some semi-empirical value at least, and it was up to 
_ peoplelike Dr. Knight who were engaged in runway design 
and construction to find out what that value was by 
experiment. 


With regard to the scatter of the points in Figs. 10 
and 12, Dr. Eastwood thought that there was nothing 
unusual. If Dr. Knight had carried out tests of this 
kind he might think that the scatter was far from 
abnormal as the published results of Dr. Meyerhof and 
Dr. Golder would bear witness. Regarding the inter- 
pretation, all that had been done was to take the mean 
value. It was as simple as that. 


The statement on page 6 regarding the interpretation 
of the ultimate load could best be explained by reference 
to Fig. 4. Part (a) showed the relation between load 
and settlement for a rectangular footing, and part (b) 
showed the same relation for a circle or square. 


It was often quite difficult to determine the ultimate 
load for these latter, but there was never any difficulty 
with the rectangles. 


Dr. Eastwood thought everyone would agree with 
Dr. Knight that it was a pity that school physics did 
not solve all our engineering problems. Dr. Knight 
could surely see, however, that any factor which was 
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not affected by buoyancy could prevent the ultimate 
load of the foundation from being reduced proportionally 
to the loss of effective density. A simple example was 
cohesion, although that was not playing an important 


_ part in this case. In this instance what upset the 


ordinary physical reasoning was the fact that the 
pressures on the sand were lower, and hence the plastic 
deformations in the sand would not be geometrically 
similar in the two types of test. This had resulted in 
dissimilar stress distributions and hence slightly dis- 
similar failure mechanisms. ; 


Mr. Capper and Mr. Squire had asked about the 
direction of tilt of the footing. As Mr. Squire had 
pointed out, the loading arrangement as shown in the 
photographs might impose some restraint on rotation. 
A number of the tests had been carried out, however, 
with the proving ring turned through go° so that re- 
straint was not possible and the amount of tilt was not 
affected. Some recent tests to determine the amount 
and direction of tilt had shown that at the instant of 
failure, the footing might be tilted either towards or 
away from the direction of sliding, and did not in 
general exceed $°. For all practical purposes there was 
no rotation either way. If the footing were driven 
further into the sand after the ultimate load had been 
passed, it began to tilt away from the surface of failure 
even if at the instant of failure it had been tilted the 
other way. Again the amount of tilt was very small, 
amounting to 2° or less when the footing had penetrated 
a depth equal to half its width (i.e., considerably deeper 
than at the ultimate load). After failure, therefore, the 
direction of tilt was always opposite to that of the 
Winnipeg grain silo mentioned by Mr. Squire, but it 
should be pointed out that the silo was founded on clay, 
not sand, and that its mode of failure is generally 
regarded as unusual since the normal rotational failure 
of a foundation on clay was prevented by an increase 
in the strength of the strata with depth. 


Both Mr. Clark and Mr. Capper had asked about the 
effect of surcharge, particularly in the form of a pave- 
ment. This question was rather beyond the scope of 
the present paper, but just as the Terzaghi and other 
theories could be modified to allow for surcharge, it 
should be possible to allow for it in considering the 
equilibrium of wedge ABC of Fig. 20. First, however, 
it would be necessary to carry out further tests to deter- 
mine whether the shape of the wedge was altered when 
surcharge was applied. No attempt had been made by 
anyone to allow for the effects of tensile and shear 
strength when the surcharge was in the form of a pave- 
ment, and it seems that the solution will only be obtained 
by experiment under field conditions. 


Mr. Squire had commented that he thought the tests 
should be repeated to a larger scale. The author agreed 
heartily with this view. Mr. Squire’s comment on the 
seemingly high bearing powers given by extrapolation 
of the small scale test results was also justified, but the 
author pointed out that, as stated in the paper, bearing 
pressures for large foundations on sand were determined 
by the permissible settlement rather than ultimate 
failure. 


Dr. Golder’s statement that it should be possible to 
do something better than rely on bearing tests appeared 
to have puzzled Mr. Faber as much as it had puzzled 
the author. Surely there would never be a_ better 
solution than bearing tests, and whatever the expense, 
they must be carried out in any instance where accepted 
theories showed that there was the slightest danger of 
overloading. ' 
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A Fundamental Approach to 


Prestressed Concrete Design 
Discussion on Mr. J. W. H. King’s Paper* 


Introduction 


The AvuTHOR, introducing the paper, apologised for 
inflicting on a long-suffering profession yet another 
method of dealing with prestressed concrete, but ex- 
plained that he had been horrified at the tendency to 
overwhelm the subject with formule and notations, to 
say nothing of fundamentally unsound assumptions, 
such as that of using the standard moment of inertia 
for a beam for calculations outside the non-linear stress 
strain range. As his job was to teach students, with 
whom he had already taken some pains to train to think 
for themselves, he just dared not try to teach them the 
current unsound theories, and evolved the present 
technique as a theoretically sounder method. 

He then ran rapidly through one or two examples 
from the paper, and went on to give in addition a full 
calculation for a non-rectangular beam built up of 
rectangles, and an indication of the methods of allowing 
for self weight moment, and the cavity for steel, and of 
estimating rapidly and conservatively the cracking 
moment for a designed beam. 

He explained that the stresses used in the paper 
gave a compromise between heavy concrete and heavy 
steel, and that they could be modified by the designer, 
as could the stress/strain curves, if more acceptable 
values were available. He also showed that a more 
deformable concrete, if proved, would lead to economy 
of both steel and concrete, for the normal range of 
designs, whilst the more rigid it was assumed the safer 
the design. It was thus of importance to use the curve 
with the biggest strains that would be certain to occur 
under the most rapidly loaded conditions with concrete 
of the quality proposed for the design, if maximum 
economy commensurate with safety was desired. 


Discussion 


Dr. P. W. ABELES (Member) felt that Mr. King’s 
- method represented an interesting approach which 
should be of interest for laboratory investigations when 
exact stress/strain curves were available. It should be 
useful, if applicable, for determining the ultimate load for 
over-reinforced beams and it would be interesting to in- 
vestigate whether it would be successfully employed for 
non-bonded steel for which there was no simple design 
method available. The speaker agreed that non- 
bonded steel should be avoided and that the modular 
ratio should not be re-introduced, since it caused only 
unnecessary complications. However, as far as under- 
reinforced sections were concerned, Mr. King’s method 
was rather lengthy, even for simple rectangles, and 
finally led to approximately the same results, as the 
simple approximation suggested by the speaker by 
which a rectangular concrete compressive stress distri- 
bution of the prism strength was balanced with the 
ultimate steel resistance. This had been ascertained, 
when Mr. King calculated by his method the failure loads 
for the various beams tested at the Brixton School of 
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at 6 p.m., Mr. Walter C. Andrews, O.B.E., M.JI.C.E. (Vice- 
President), in the Chair. Published in THE STRUCTURAL 
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Building in 1949/50!, the results of which agreed with 


Dr. Abeles’ approximation and the actual test results. 

When considering the application of Mr. King’s 
method to the design of sections, objection must be 
made to his approach. He assumed as basis for his 
computations the position of the neutral axis at failure 
and positioned the steel rather far away from the 
tensile fibre, which was not economical. Professor R. H. 
Evans pointed out as early as 1942? that it was advisable 
to place the tensioned steel members as near as possible 
to the outer tensile fibre, at the same time providing 
tensioned wires near the compressive fibre if necessary. 
When considering example No. 2 of Mr. King’s paper 
and assuming a rectangular section of a depth of D = 
18 in. (instead of 18.15 in.), one would place the steel 
near to the bottom fibre, say at a distance of 3 in., 
resulting in a depth of the steel from the top fibre d = 
15 in. Provided that 14 post-tensioned wires 0.2 in. 
diameter of a strength of 210,000 lb.-per sq. in., as in 
example 2, were provided, and that the reduction due to 
inefficiency of the grout amounted to 0.95, the ultimate 
tensile resistance of the steel amounted to Tun = 
0.44 X 210,000 X 0.95 = 88,000 lb. When balancing 
the forces the depth of the concrete stress distribution mp 
could be computed from Cuit = mp.b.cp = Tui as Np = 
88,000 


= 2.53 in. (see Fig. 11), where cp = 6,000 |b./in.# 
6 x 6000 
was the prism strength, resulting in a) = 15 — 1.26 = 
13.74 in. and Muit = 13.74 X 88,000 = 1,210,000 lb.,in. 
1,210,000 
ensuring a factor of safety FS = > ae 
537,600 
This should suffice, but if required, 16 wires, instead of 
14, of a steel area of 0.566 sq. in. could be provided, 
ensuring a factor of safety of 2.55. .When comparing 
these steel areas of 0.44 and even 0.566 sq. in. with 
0.768 sq. in. according to Mr. King’s example 2, one 
could see the possibility of saving steel if the required 
steel area was placed at its suitable position, instead 
of assuming a position of the neutral axis at failure as 
basis for the design according to Mr. King’s approach. 
It was also important in Dr. Abeles’ view to investi- 
gate the state of stresses under working load conditions. 
Mr. King had stated that he did not like to assume an 
elastic behaviour when considering the stress/strain 
curve for concrete. However, from the diagram plotted 
by Mr. King it was seen that under the stresses corres- 
ponding to the working load the curve was still straight 
and it could therefore be well assumed that a straight 
line stress distribution of a homogeneous material was 
appropriate. This was also proved by many test 
results. Now, when investigating example 2 for 
working load conditions, the following equations could 
be set up, using the symbols and formule recommended 
by the speaker?. 


1 «Small scale tests on prestvessed concrete beams’ by P. W. 
Abeles and C. H. Hockley, THE STRUCTURAL ENGINEER J une 1950; 

2 “Relative merits of wire and bar reinforcement in prestressed 
concrete beams’’, by Prof. R. H. Evans, JOURNAL INST. OF CIVIL — 
ENGINEERS, No. 4,1941-2, February. 1942; 

3 “Principles and practice of prestressed concrete’? by P. W. 
Abeles, Crosby Lockwood and Son Ltd., London 1949 & E. F. + 
Unger Publ, Ltd., New York 1949. 
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According to Fig. 1, des section modulus Z could be 
6 x 18? 


approximated to = 324 in.3, when ignoring 


the hole of the cable, resulting in a stress — = 


537,600 
——— = 1,659 lb./in.?. If this section was to be 
— 324 
fully prestressed and the reduction of the prestress due 
to shrinkage and creep was to be assumed as Io per 
cent., (reduction factor Ro = 0.90), at the bottom 
16 
fibre of the rectangle at transfer stress fi, = ve a 


0.9 
1,843 lb./in.? was required, while with partial pre- 
stressing permitting a tensile stress under working load 
ftw = 600 Ib./in.? the required prestress at transfer was 
1659 — 600 

reduced to /1:—=—————_——_ = 1,176 lb. /in.2.. To com- 
0.9 

pute the prestressing force, special factors ki and hk, 
were advantageously introduced, viz., for the rectangle 
in question, when ignoring the hole of the cable : ki = 


ibve 1 


tensile 


(2) (b) 


é@s 6 6 
I+ 3 =f +3-=3andk,=1 
D 9 9 


2 > 
It was seen that the tensile stress at the top fibre 
amounted to a third of the compressive stress at the 
bottom fibre, as indicated in Fig. 1 for full and partial 
prestressing. A tensile stress of 614 Ib./in.2 might be 
considered as too high, in which case a small area of 
tensioned steel at the top wire would suffice to reduce 
this stress. It was possible to calculate the prestressing 
- force required at transfer P; from the following relation 


kiP 
fr= 


EOS im. ee. ae 
For full prestressing, requiring fir = 1,543 Ib./in.?, a 
prestressing force of Pt = 66,350 was required, corres- 


ponding to a sectional area of tensioned steel of Ats = 
0.44 in.” for a tensioning stress at transfer Pt = 150,000 
Tb./in.*. In this case the same area was necessary to 


obtain the required prestressing force and to ensure a 


, where A was the concrete area (Gye Shoe 
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factor of safety against failure of 2.25. In the case of 
partial prestressing, requiring fit = 1,176 lb./in.2, a pre- 
stressing force Pt = 42,350 lb. was required, correspond- 
ing to an area Ats = 0.284 in.? (g wires 0.2 in. dia.). In 
this case nine tensioned and five untensioned wires were 
required. It might be pointed out that a bending 
tensile stress of ftw = 600 lb./in.?, was very moderate 
and ensured freedom. from cracks even under repeated 
loading. A test had proved that freedom from cracks 
was ensured even under sustained loading during 
30 days of a load, corresponding to a bending tensile 
stress of 775 Ib./in.*. Mr: King’s statement that the 
effect of ‘allowing tensile stresses was small was not 
correct. In fact, when considering the economy, both 
the shape and the size of the section were of great 
influence, the rectangle not being a very suitable section 
for prestressed concrete. 


Mr. Kinc commented that Dr. Abeles, being a good 
friend, had warned him of his intentions ; so that he 
had been able to prepare some answers in advance. 

Dr. Abeles had worked to a factor of safety of 2.25, 
for his design example, and needed only 0.44 sq. inches 
of steel, which he had put three inches up from the 
bottom of an 18-inch beam. Mr. King considered what 


fu.=- G14 fat --392 


P, =G6,350 Ib. P,=42,3501b. 


fr = 1843 


fi, =1176 


Pavtially prestvessed. 


Fully prestvessed. 


(c) (a) (e) 


Fig. 1 


would happen if he re-calculated some of his examples, 
using different stress/strain curves for the concrete. In 
the paper he had commented on the impossibility of 
using high steel stresses when working with a low 
neutral axis on the short term curve, but in his intro- 
duction he had indicated higher ultimate steel stresses 
could be used with a more plastic concrete. He went 
into the case of a neutral axis only 0.2 d. down, using 
first a concrete curve with 0.002 maximum strain and, 
secondly, one with 0.004 maximum strain. In either 
case the total compression worked out at 4800 d., and 
the lever arm worked out at 0.925 d. So that if one 
equated to 2.25 times the working load moment, instead 
of 24 times, as he had done, i.e., to 121,000 Ib. in., one 
would get d = 16.5 in. That did not depend on the 
particular stress/strain curve used. 

Coming to the correlation, one found that, using the 
same concrete stresses as in example 2, 1.e., permitting 
2,200 lb. per sq. in. as maximum compression in concrete 
at transfer, but using first of all 0.95 of the ultimate 
stress for steel, i.e., 200,000 Ib. per sq. in., the following 
figures resulted. The strain in steel at failure was 
0.019, which was quite a large figure. 
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The steel area required was 4800 < 16.5/200,000 = 
0.4 sq. in. Using 0.002 in the concrete as a maximum 
strain, the strain change would be 0.00028 from transfer 


stresses to zero and 0.002 x 4 for subsequent loading to’ 


failure, giving a total strain change of 0.00828. The 
difference was 0.01072, which led to a transfer steel 
stress of 184,000 lb. per sq. in. and a total tension of 
73,000 lb. The transfer compression zone depth worked 
out to II.0 in. with 3.71 in. below the steel, so that he 
arrived at a total depth of 20.21 in. 

In the slowly stressed laboratory case, using 0.004 
strain in concrete at 6,000 lb. per sq. in., the strain 


Fig. 2 


change would be‘increased to 0.0166, which, taken from 
the final steel strain of 0.019 resulted in an initial steel 
strain of 0.0024 corresponding to 68,000 lb. per sq. in., 
and a total tension of 27,000 lb., ““h’’ was then equal 
to 4.05 in. and the total beam depth 16.5 + 1.37 = 
17.87 in. Steel area was still 0.4 sq. in., so that the 
design was lighter than that of Dr. Abeles. 

It was easy to see that by using concrete so slowly 
stressed under load that the strain at steel level amounted 
to 0.019 (i.e., a maximum strain at 6,000 lb. per sq. in. 
of 0.00475 in the top fibre, which is quite a possible 
figure) the necessity for prestress did not exist. A 
slightly higher neutral axis would have the same effect. 

Again the figures emphasised the importance of 
taking in the proper value of the stress/strain relationship 
for concrete, and that was the main point on which he 
disagreed with Dr. Abeles’ method of design ; Dr. Abeles 
had ignored the stress/strain relationship, assuming that 
the concrete would behave as he wanted it to behave, 
whatever the stress/strain curve. So far he had got 
away with it ; none of his structures had fallen down ! 

Provided he used his present limits to the application 
of his method, they were not likely to do so. Danger 
would only arise from unrestricted application to heavily 
reinforced, beams, which Dr. Abeles did not allow for 
that very reason. 

Mr. King still maintained that to use J as Dr. Abeles 
had done was unsound, and that the effect of allowing 
tension in concrete was dangerous. Analysis in that 
way might lead to apparent tensions of, say, 700 lb. 
per sq. in., in two instances, which analysed on a cracked 
section basis indicated sound design in one case, and 
unsound in the other. It would thus be dangerous to 
say that because the former did not fail that concrete 
could always be allowed to take 700 lb. per sq. in. in 
tension. He much preferred safety based on sound 
principles, and a recognition that concrete was not a 
good tensile material. ; 

It was agreed rectangular sections were far from ideal 
for prestressed concrete work. They were used for a 
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first approach because they provided easier examples 
of the design method. An example of more orthodox 
design had been given during the introduction of the 
paper, and had also been published elsewhere. * 


Mr. H. J. Cowan (Associate-Member) referred to 
Fig. 3 of the paper, where the curves showed several 
features which did not accord with his own experience, 
In the first place a concrete block loaded at a fast rate 
‘would give a much higher maximum stress than a block 
loaded at a slow rate!, ?.. Mr. King’s maximum stress 
did not appear to be affected by the rate of loading, and 
that had a bearing on the solution of the numerical 
examples. In the second place, Mr. King’s. curves — 
showed a steady rise to a maximum stress, where the 
curves stopped. This was what one would expect to 
obtain from a concrete block tested at a constant rate 
of stress, but it did not represent the behaviour of the 
concrete in a beam. One assumed that plane sections 
remained plane, and therefore the strain varied from a 
maximum strain at the top of the beam to a zero strain 
at the neutral axis. To obtain the stress distribution 
corresponding to this constant variation of strain one 
must test the concrete block under identical conditions, 
l.e., at a constant rate of strain, and not at a constant 
rate of stress as was customary for standard testing. 

If one tested at a constant rate of strain one obtained 
results differing very considerably from Mr. King’s 
curves. Mr. Cowan then showed Fig. 2, pointing out 
the long tail of the descending portion of the curve 
after the maximum stress was reached. The curve was 
not a parabola, as Mr. King’s curves might well be, but 
on the other hand it could be replaced by two straight 
lines without serious loss of accuracy. 

Referring to Mr. King’s use of Simpson’s rule, Mr. 
Cowan said that the rule assumed that the curve might 
be replaced by the arc of a second degree parabola, and 
in using it Mr. King was therefore putting forward 
another parabolic theory which differed only in detail ~ 


|e 
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(b) Strain distribution ; (c) equivalent stress distribution. 


from Prof. Talbot’s theory of 19063. We had, however, 
travelled a long way in our approach to ultimate strength 
design since Prof. Talbot proposed his theory. Mensch# 
suggested a cubic parabola in 1914, Kempton-Dyson® | 
proposed a quarter-ellipse in 1922, and Prof. Lyse® a fifth 

degree parabola in 1937. 

Mr. Cowan did not think that any of these methods 
represented a solution to the problem of ultimate 
strength. Even if we succeeded in finding a single 
mathematical equation which adequately represented — 
the stress/strain diagram of concrete, it was likely to 
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lead to results which were excessively complicated, as 
‘did Mr. King’s method, as soon as he progressed from 
the simple rectangular section to the more complicated 
J-section commonly used for prestressed concrete beams. 

A solution was more likely to be obtained by concen- 
trating attention on one or two simple properties of the 
_ stress/strain curve rather than on the whole curve. One 
could, for instance, measure the ratio of the total elastic 
strain to the total inelastic strain, and then replace the 
dotted curve by two straight lines (Fig. 3 i), and the 
curved stress block by a trapezium (Fig. 3 ii)? and 8. Or 
one could replace the curved stress block by a rectangle 


(a) 


Fig. 4 
_ (b) Strain distribution ;,(c) stress distribution ; 
(d) Equivalent rectangular stress block, 


of the same area as the curved stress block and with 
its centre of gravity at the same depth.®, ©, and™. The 
rectangle was then fully equivalent to the curved stress 
block (Fig. 4). 
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Mr. Kino, replying to Mr. Cowan, reiterated that he 
had obtained his curves from his own work in the 
laboratory, and they had fitted experimental beams ; 
they had been idealised a little, and the obvious idealised 
curve to fit the experimental data was the parabola ; 
they just happened to fit that way. 

As stated in the paper, he was not at all concerned 
whether one used those curves or used something else 

which one had proved to be better. The method of 
approach was not dependent on the shape of the curve, 
and he had never said.at any time that the curve was a 
parabola. ; Mr. Cowan had inferred that, and had inferred 
it rightly. 

About the straight line idealising of the curve, he said 
one had to be somewhat careful in using a straight line 
elastic portion and a horizontal straight line plastic 
portion, because one could not then work with one curve, 
but must have a series, since at very low loading plastic 
flow was still present. There was a marked difference 
with ultrasonic testing between the dynamic modulus 
and the initial tangent modulus one obtained by standard 
methods which indicated plastic flow at very low loads. 
Simpson’s rule actually fitted cubic curves for the area, 

but the formula given was then not quite accurate for 
the centre of gravity. Both were accurate enough for 
design purposes using any smooth curve. 
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With regard to the non-rectangular section, he had 
stated in the paper that with a rather irregular section 
one could not calculate the total compression and 
bending moment quite so easily. For sections not easily 
split into rectangles one should plot a breadth stress 
curve, and it was then perfectly easy to use it in the 
same way as the stress curve had been used in the 
examples given. He had also stated in the paper that, 
if one did not consider the approximate methods given 
were satisfactory for the centre of gravity and area, one 
should use more rigorous methods. There was not 
sufficient space available to enable him to put everything 
in the paper ; but he emphasised again that he had not 
tried to pin his method down to any particular curve, 
and that one should use whatever curves one considered 
to be applicable to the case. 

The point about which he was most concerned was 
that people should not go in for fixed values of the 
modular ratio, but should get an idea of what was 
happening to the structure and should obtain some 
correlation between ultimate and transfer conditions 
as a basis of design. 

Incidentally, the concrete in the compression zone in 
a beam was not strained at a uniform rate, as stated by 
Mr. Cowan. The rate of strain was proportional to 
distance from the neutral axis, so that Mr. Cowan’s 
contant rate of strain curve was no more correct than 
one with a constant rate of stress. Mr. King could only 
affirm that his curves had given the right answer in a 
limited number of beam tests, and were therefore con- 
sidered to be of about the right shape for practical 
purposes. A maximum strain of 0.004 at 6,000 lb. per 
sq. in. was a typical figure for laboratory tests on beams 
and for cubes loaded at about the same average rate of 
about 50-60 lb. per sq. in. per minute. 


Mr. O. J. MASTERMAN (Associate-Member) said that 
the approach to the subject by Mr. King was very 
refreshing ; one had enjoyed listening to him ; and it 
was important that engineers should examine very 
thoroughly such suggestions as he had put forward 
whereby we might overcome some of the difficulties 
experienced with reinforced concrete design and pre- 
stressed design in the past. Mr. Masterman considered 
that prestressing did provide considerable simplification 
of reinforced concrete design, and that perhaps it was 
not so very necessary, once we had washed out elaborate 
formule and notation, to look for much more simplifica- 
tion. But the fundamental approach was surely the 
right approach, provided it was simple and that it did 
not involve the making of assumptions which were less 
accurate than those already made. 

Enlarging on that point, he asked, “ Is this approach 
simple, and are the assumptions more accurate than 
those to which we have been accustomed ?”’ He liked 
the idea of using the stress/strain diagrams, of using 
the diagram obtained when one stressed the concrete. 
But the trouble arose that one was not quite sure which 
of the diagrams to use ; it made quite a considerable 
difference to the result. It seemed to him that, espe- 
cially in connection with failure, one ought to use the 
long-term figures. He could not conceive of a failure 
happening in normal circumstances due to a sudden 
load ; failures were more likely to occur after perhaps 
a long period of overloading. That was the first diffi- 
culty. 

There was also the point that Mr. King had imagined 
the steel and the concrete moving together, being 
constrained together, along the steel lines ; in other 
words, he assumed good bond. One supposed that in 
the majority of actual jobs one could not be sure that 
that was true. All the good designers who used post- 
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tensioning certainly grouted in, and they claimed that 
that was a very valuable ‘‘ something up their sleeves,”’ 
as indeed it was. But. Mr. Masterman did not think 
any of them claimed to know just what was the value 
of that bond. Thus there was perhaps another un- 
certainty. 

On the question of simplicity, Mr. King had dealt 
with his calculations in an impressive way. But he 
had shown calculations for rectangular beams. Mr. 
Masterman could not remember having come across in 
practice any rectangular prestressed. beam, and he 
pointed out that the calculations were not nearly so 
simple for other kinds of beams which were perhaps of 
““T’” shape or some of the other odd shapes which were 
much more common. 

There seemed to be some valuable advantages in 
Mr. King’s proposed method, and perhaps the most 
important was that it meant that one was dealing with 
strains, and taking notice of strains, which in the past 
had been rather overlooked. Thereby one obtained a 
much better picture of what was happening to the 
concrete section or concrete unit ; and strains could be 
measured, which was very helpful for a check. 

It was interesting that, throughout this paper, on pre- 
stressed concrete design, there was hardly a mention of 
creep. One supposed that the creep was really lost in 
the selection of the one stress/strain diagram out of the 
three which were put forward. Perhaps Mr. King 
would say something more about it. 

It was of great benefit to be able to convert the strains 
quickly into deflections and stiffness values, and it was 
excellent, of course, if one could deal readily with 
composite designs by Mr. King’s method. 

From the examples given, Mr. Masterman agreed that 
the tensioning errors that one normally made in doing 
prestressing were not very important. That was found 
to be so at the Thatched Barn. They had started with 
a steel modulus of 30 millions, and afterwards they had 
made it 26 millions and had changed the extensions 
accordingly, but it did not make any significant difference 
to the strength of the components. Mr. Masterman felt, 
however—and his remarks applied to example 6—that 
the tensile stress In concrete was valuable and ought to 
be used in prestressing, although not in reinforced 
concrete. 

After calling attention again to his point that the use 
of the long-term curve seemed more appropriate, 
although, as Mr. King had pointed out, it was not nearly 
so safe, Mr. Masterman said he hoped his remarks did 
not appear to be too critical, for he had very much 
appreciated the paper. 


Mr. Kino, dealing with the reference to the long-term 
curve, said Mr. Masterman’s original statement and his 
last one did not quite tally. The point about using the 
short-term curve was that one ensured safe design. 
More economy and less safety resulted from use of the 
other, longer term, curves. The creep was the change 
from one curve to the other under no increase of stress, 
and the effect of that under heavy loading, approaching 
the ultimate, was to give safer design by relieving and re- 
distributing the stress. He had given a rough example 
on the blackboard, when introducing the paper, where 
he had taken a beam as designed and had shown what 
would happen if he prestressed it quietly and allowed 
it to be tested over two hours, thus justifying the use 
of a longer term curve. The moment went up from 
1,344,000 to 1,400,000. The reply to Dr. Abeles con- 
sidered the matter from the design aspect, and showed 
the economy resulting from the use of long-term curves. 

He was unable to answer the question concerning 
good bond ; one just had to assume something. If one 
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assumed there was no bond, then one was back again 
to the non-bonded beam, and the problem would not 
be easy. He did not agree with Professor Baker’s easy 
approach of that problem, for he felt it was a little 
wrong ; but he had not found a good substitute. Both 
he and Professor Baker were in agreement that 1t was 
a design to be avoided if possible. 

It was more difficult to deal with non-rectangular 


_than with rectangular beams ; but he had given an 


example during the introduction of the paper and he 
did not think the added difficulty was great. At any ~ 
rate, it was less difficult to deal with such beams in the 
manner suggested than to try to work with a lot of 
formule. 


Dr. K. Hajnat-Kony1 expressed agreement with 
Mr. King’s rejection of the modular ratio in ordinary 
reinforced concrete design, and also in prestressed 
design, so far as the ultimate load was concerned. But 
he disagreed with Mr. King’s fundamental approach, 
and his disagreement was fundamental. Mr. King had 
emphasised the necessity for investigating what actually 
happened in a beam, and that was the reason why. Dr. 
Hajnal-Konyi objected to his method. 

Discussing fully bonded beams, he said he had no 
personal experience of post-tensioning and did not know 
how far injection could secure bond, but he did know 
that in a pre-tensioned beam, with wires up to .2 in. 
diameter, one could fully rely on the bond. Thus, his 
remarks were based on the assumption that the bond 
was fully efficient, and Mr. King agreed with that. 

In a well-designed prestressed beam, cracks occurred 
before failure, he continued, and he illustrated the 
appearance of a beam at that stage. When using 
bonded wires, the bond was not destroyed between 
cracks and it would be maintained fully until failure. 
Even in non-prestressed beams one could break the wires, 
which was evidence of full bond. Consequently, the 
stress distribution in the steel was by no means uniform ; 
between the cracks there were peaks of stress in the 
steel. That could be verified quite easily by checking 
the results of tests. The straight line strain relation- 
ship, which was the basis of both of Mr. King’s paper and 
of Professor Baker’s method has been proved by many 
experiments. That was perfectly correct if applied to 
a certain length of the beam, as would be found from — 
strain readings. But he emphasised that it was an 
average strain, and one could not work out the maximum 
stress in the steel from the average strain. The theories 
of Professor Baker and Mr. King led to a very gross 
underestimation of the steel stress at failure. They 
created the impression that the ultimate load depended 
on the amount of prestress, although in fact it did not, 
except in the case of over-reinforced beams. 

Dr. Hajnal-Konyi then showed the stress/strain 
diagram for high tensile wire. Within a crack the 
strain could be as much as 3 per cent., whereas the 
average elongation was sometimes not more than a 
small fraction of that amount. 

Thus he considered that the whole approach based 
on the straight line relationship and on stress-strain 
diagrams, attractive though it might appear, did not 
agree with the facts obtained by experiment, and that 
was why he did not think it was acceptable as a basis 
of design. 

The basis of design should be the ultimate strength 
in the steel, so long as it could be balanced with a 
rectangular distribution of concrete stresses of about 
60 per cent. of the cube strength, not going beyond a — 
certain depth. One could predict the failing load very 
accurately if one knew the ultimate strength of the 
steel and the prism strength of the concrete without — 
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going into details of “short term” or “long term” 
stress-strain diagrams, which in most practical cases were 


not available anyway. With pre-tensioned bonded wires 


one was perfectly safe in using that assumption. 
_ There was a point which Mr. King appeared to have 
missed in the paper. In his example of pre-tensioned 


~ work he had not taken account of the loss-due to the 


_ elastic shortening of the concrete at transfer. 


It was 
of no significance in respect of ultimate load, but it had 
significance if one wanted to assess the cracking load. 

Coming to composite sections, he believed that in 
every practical application of the composite construction 
the precast beam must be over-reinforced, whilst the 
composite beam was under-reinforced. He could hardly 
conceive of a case where the top of the original beam 
failed before the top of the 7m situ portion failed. Such 
a beam should always be so constructed as to use the 
full strength of the steel. 


Mr. KrncG said he agreed with quite a lot that Dr. 
Hajnal-Konyi had said. Naturally the tendency was 


_ to get higher stresses at the cracks than anywhere else, 
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but the increase in steel stress locally due to that was 
very small, due to failure of load on either side of the 
crack. He did not think one could always design on a 
basis of stressing steel up to its ultimate strength. 
One could manage it with very much under-reinforced 
beams, and he had shown the trend in his examples. 
One could quite often use nearly the ultimate stress. 
He had used 200,000 p.s.i. during the discussion because 
Dr. Abeles had suggested it in a problem he had put 
forward ; but one could equally go to 212,000 p.s.1., if 
there were a high-enough neutral axis at failure and a 
good deal of deformation before failure. The method 
would take into account anything of that sort and 
would stress steel to the ultimate, so long as one allowed 
ample deformation by slow stressing or the use of very 
deformable concrete, or a high enough neutral axis. He 
agreed that pretension in such a case, where a beam 
was under-reinforced, would not affect the ultimate 
load. It would crack at a different moment ; but that 
was a somewhat different viewpoint. 

' With heavily reinforced beams, however, concrete 
failure would normally occur before the steel stress 
increased very much above the transfer stress value, 
i.e., the beam would fail at a steel stress well below the 
ultimate. In such a case the amount of prestress 
would affect the ultimate moment of the beam. 

As regards strain distribution across a section having 
cracks, one would often find on plotting strain against 
location in beam, that two straight lines resulted, there 
being a bend at‘ the neutral axis. The strains below 
the neutral axis were lower than normal between 
cracks, and above normal at cracks, averaging out over 
a long enough length to the normal value given above 
the neutral axis, which was assumed for design. 

The failure of a beam before a slab was possible. He 
had mentioned a case in the paper where that stage was 
almost, but not quite reached. 

Elastic shortening at transfer was taken into account 


in example 5, in para. 3, a change in “h’’ resulting 


since concrete stress at steel level was arranged to be 
the same as example 2, after transfer. 

The CHAIRMAN thanked Mr. King for the very able 
manner in which he had dealt with the discussion. 
Written Communications ye 

From Mr. J. Bak (Member) : I feel that Mr. King’s 
approach to the subject is substantially correct and is 
in my opinion a step in the right direction. 

I would, however, like to know to what extent have 


his assumptions been corroborated by actual tests 


carried out by him on prestressed concrete beams. 
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The AvuTHoR replies : Mr. King thanks Mr. Bak for 
his complimentary remarks. His own tests have been 
confined to over-reinforced non-bonded beams, whilst 
he has also checked up on a number of Dr. Abeles’ pre- 
tensioned and partly pre-tensioned beams both before 
and after test. These latter were mainly under-rein- 
forced. In all cases, the agreement was very good, 
although full information on concrete was not obtainable 
in the case of Dr. Abeles’ beams. 

In the cases of his own beams, stress/strain curves 
obtained for cubes and for beams were found to agree 
very well, if the stressing rates were similar. 


From Mr. S. JAMPEL : Mr. King states in his paper 
that the use of the M = fZ formula in prestressed 
concrete calculations was leading designers into con- 
siderable difficulties, particularly when trying to assess 
the value of the modular ratio. Within the intended 
range of application of the M = fZ formula, that is 
above the cracking load, the concrete stresses rarely 
exceed 3,000 p.s.i., and the stress-strain relationship as 
shown by Mr. King in. Fig. 3 is practically linear up to 
this value. If we add this assumption to those stated 
by Mr. King (and Mr. King uses it himself in some of 
his examples) all fundamental objections to the M = fZ 
formula disappear. 

As far as the value of the modular ratio is concerned 
when calculating the equivalent Z (or J) of a section, it 
should be remembered that the majority of the steel is 
always located in the precompressed concrete zone. On 
loading, this zone is subject to relief of stress for which 
the stress/strain relationship yields an appreciably 
higher concrete modulus than for increasing stress, 
which in turn results in a very low modular ratio (4 to 
6). As in addition in prestressed design the percentage 
of steel is very small, the total effect of the steel on the 
equivalent Z is only of the order of ro per cent. or less. 
Thus an error of even 30 per cent. in the value of the 
modular ratio will only produce an error of about 
3 per cent. in the equivalent Z, which is of the same 
order as the error liable to occur during the stressing 
operation and hence of little consequence. 

I feel that one of the most serious drawbacks of the 
M = fZ formula, which it has in common with most 
“elastic ’’ design methods, is that it does not ensure a 
definite factor of safety against failure. At the same 
time I would like to add that I have never yet come 
across a practical case where it has yielded too low a 
factor of safety when using the usual design stresses. 
In this connection I was very much interested in Mr. 
King’s method for calculating the failure bending 
moment, which is rather different from the usual 
rectangular block method. I note that Mr. King uses 
the 28 day cube strength instead of the prism strength 
and the failure stress in the steel dependent on the 
original prestress and increase of average strain between 
transfer and failure rather than the usual go to 100 per 
cent. of the ultimate. I should be interested to hear 
of any loading test which would confirm these assump- 
tions. 

The AvuTHOR replies : Mr. Jampel’s last paragraph, 
I think, answers his first. With prestressed concrete 
design, one must not work on “ factored.” stresses, but 
on a “‘ factored’ failing load. Hence concrete stresses 
must be well above 3,000 lIb./sq. in. during the design, 
and as Mr. Jampel admits, M = fZ does not apply. If 
it is therefore not used, one does not need to worry 
about J or Z and their relative accuracy. Admittedly 
the effect of steel percentage or modular ratio would 
be small in either case, but the important point, which 
has been avoided by Mr. Jampel’s apparently considering 
the working load state of the beam, is that the extent 
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of cracking would have a very great effect. I have in 
all cases taken this into account, and I maintain that 
it is necessary to do so. Normal M = fZ calculations 
are then useless. 

I commented, during presentation of the paper, on 
my choice of steel and concrete stresses. Using a very 
rigid concrete, so as to give designs erring on the side of 
safety made it necessary with the examples given to 
choose between high ultimate steel stress, achieved 
either by a high neutral axis or a high concrete stress at 
transfer, or else a lower one, necessitating rather more 
steel, but considerably less concrete. It is purely a 
matter for the designer. Calculations given briefly 
towards the end of examples I and 2, examples 3 
and 4, and the reply to Dr. Abeles above, should indicate 
the variations that can be achieved by permitting more 
concrete deformation. The more deformable a con- 
crete, the greater economy in design for all normal 
cases provided the strength is still present. 


From Mr. F. W. Girrorp (Associate-Member) : Mr. 
King’s paper is particularly interesting in that he 
considers the ultimate strength of prestressed beams, 
and in doing so correlates strains. 

The natural tendency when considering an ultimate 
load theory for prestressed beams is to consider the 
simplest, viz., a rectangular concrete compressive stress 
block and steel at its ultimate strength, as propounded 
by Drs. Abeles, Hajnal-Konyi and others. The funda- 
mental error made is to assume the steel reaches its 
ultimate strength, which involves ignoring’ strains. 
With normal reinforced concrete, the use of mild steel 
having a very well defined yield point enabling con- 
siderable straining to occur without change of stress, 
permits this assumption, but there is no parallel with 
the steels used in prestressing which have no definite 
yield, and for which the range of strain will be smaller. 
In consequence, circumstances arise where the straining 
of the concrete produces failure before the steel reaches 
its ultimate strength, and in consequence any factor of 
safety based on the ultimate strength of the steel, is 
inaccurate, and on the side of danger. This is particu- 
larly the case with non-bonded end anchored beams. 

The fundamental difference between bonded and non- 
bonded beams was first indicated by Professor A. L. L. 
Baker, who pointed out that change of strain in steel = 
F x change of strain in adjacent concrete at critical 
section, where F is unity for bonded beams (ignoring 
local slip, etc.), and less than unity for unbonded beams, 
since it is necessary to equate change of length between 
anchorages, of both steel and concrete, because steel 
strain is constant over its length whereas concrete strain 
has a peak value at the critical section. The values of 
2/3 and 4, first suggested by Professor Baker, where 
shown by the writer to be high, a theoretical investiga- 
tion indicating values of 0.3 to 0.1 to be more reasonable. 
Subsequent tests have confirmed this, the lowest value 
for any beam tested at Imperial College being 0.1. 
Tests indicate that the bonding of steel by grouting 
appreciably increases the factor of safety. From theore- 
tical considerations it would appear that the higher 
the position of the neutral axis, the lower the F factor. 

Further arguments against the rectangular stress 
block coupled with steel at its ultimate stress, are the 
fact that no differentiation can be made for variation 
of initial steel stress, and that it immediately follows 
from the assumption that adding further steel to a beam 
continually increases strength. 

There is little doubt that experienced engineers who 
have carried out extensive tests on beams may sSatis- 
factorily calculate by the above method the ultimate 
strengths of similar beams within the ranges of the tests, 
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but even they may make serious errors should they 
stray far from the range of their tests, unless they 
correlate strains. On the other hand, an ultimate load 
theory which ignores strains may be a snare and a 
delusion for engineers who have not the time to spend 
studying test data and carrying out tests themselves. 
Realising the inadequacy of ignoring strains, the 
writer extended the theory of Professor Baker, to cover ~ 


' rectangular and tee beams, and has converted it into a 


form for direct use in design, working on the stress/strain — 
curve for steel and using various factors obtained by 
test—viz., F y oc and concrete crushing strain. The 
latter three could be obtained from a stress/strain 
curve in the absence of more suitable test data. 

With regard to Mr. King’s method of design, I feel 
that he is starting with the wrong assumptions ; to 
assume the depth of the neutral axis at ultimate load 
is not necessary—surely assume a factor of safety, and 
let “‘n”’ value sort itself out. Also to assume top fibre 
strain zero as of pre-stress is not necessarily best. For 
beams with high live/dead load ratio this is satisfactory, 
but it will not lead to an economical design for a long 
span beam having low live/dead load ratio. Also, 
the method ignores stresses under full working load, and 
the design has to be checked for these conditions, which 
are, in the writer’s opinion, essential. 

A point which very few engineers seem to realise is 
that if limits are specified for concrete stresses under 
working loads, an “‘ economic ’’ concrete section can be 
completely designed and,in addition, the steel force will 
be known. To obtain the steel area it is merely neces- 
sary to specify a factor of safety and thus get the 
required steel stresses and hence area. 

The method of design adopted by the writer'is as 
follows :— 


Ct: Cpni are top and bottom fibre concrete stresses 


tL and steel stress under full working load M,, 
assuming full creep and shrinkage have 
occurred. 


‘Cts ‘Cvs are top and bottom fibre concrete stresses 
and steel stress under Ms, the sustained load 


ts acting at time of pre-stress of concrete. 
Conditions of creep and shrinkage as at time 
of pre-stress (Ms = O if self weight is negli- 
gible, and no superstructure carried at time 
of pre-stress.) 
Generally the above are the critical concrete stresses — 
under working load conditions. 
Assuming Ci, = Ca = working stress in concrete at 
28 days. 


‘Cys = oc Ca = working stress in concrete at time of pre- 
stress. 

Cyi = O (possibly an allowable tension). 

‘ts = (I+y)il y = a factor circa 0-0.15. 

‘Cts > O (or small tension). 


A section may be readily designed which gives these 
stresses. (Note: ‘Cts cannot be assumed at an exact 
value but it can be ensured that it is not tension. In 
certain circumstances it may be possible to reduce CiL 
and Cts, thus saving in steel force.) 

From the above calculation for working load stress, 
the steel force is known—not steel area or stress. 

Finally, using the factor of safety, ‘“n’’ may be 
calculated and hence the steel stresses and area. (The 
time required for the latter calculation is less than a 
minute !). 

In connection with the point raised by Dr. Hajnal- 
Konyi, with regard to his believed large increase of 
steel stress at cracks in bonded beams, enabling steel 
stress always to reach very near to ultimate stress. To 
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the writer this appears to be a false conception—there 
must be slip between wires and concrete, adjacent to 
a crack—otherwise an infinite stress would develop in 
the steel at the crack, since the crack opening is a 
deformation over a length of steel of zero! Probably 
slip is appreciable to the extent of more or less equalising 
the stress in the steel. If the stability of a section 
- adjacent to the section of failure, but between it the 
position of next crack, is considered, it is reasonable to 
consider an uncracked section with perfect bond—other- 
wise appreciable slip will occur and an F factor will 
come'in to consideration. If the section is assumed 
to carry the ultimate moment approximately, and 
forces and strains are balanced, it will be found that an 
appreciable increase of steel stress is mot possible. 


The AuTHoR replies : The correlation of strains is, of 
course, a fundamental point of the method suggested 
in the paper, and, as indicated in the reply to Dr. Abeles, 
it is the lack of this correlation which makes the author 
reluctant to give full approval to Dr. Abeles’ calculations 
for ultimate strength of prestressed beams. He is even 
more reluctant to approve of the ‘‘F”’ factor of Pro- 
fessor A. L. L. Baker’and Mr. Gifford, since it is very 
dangerous indeed to assume that because experimentally 
a figure as low as 0.1 has been found, that it cannot be 
even smaller. The author indicated during the pre- 
sentation of the paper that F can easily have very 
large negative values, as a slight study of the implica- 
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GENERAL MEETING 

A General Meeting of the Institution of Structural 
Engineers was held at 11, Upper Belgrave Street, 
London, $.W.1, on Thursday, October 11th, 1951, at 
6 p.m., when the Presidential Address for the Session 
1951-52 was given by Mr. Walter C. Andrews, O.B.E., 
NERC. Mal Struct. Kx 

The Chair was taken by the retiring President, Mr. J. 
#, Swindlehurst, O.B.E., M.A., M.1.C.E., M.I.Struct.E., 
who welcomed the guests. He then invested Mr. 
Andrews with the Presidential Badge and called on 
him to address the meeting. 

Mr. Andrews took the Chair and gave the Presidential 
Address for the Session, which is printed in this issue. 

At the conclusion of the Address, Mr. S. Vaughan, 
B.Sc., M.I.C.E., M.L.Struct.E. (Vice-President), proposed 
a vote of thanks to the President, and this was seconded 
by Mr. J. Stitson, President of the Institution of Heating 
and Ventilating Engineers. 

The President, in his response, expressed thanks for 
the appreciation accorded to his address. 


ORDINARY GENERAL MEETING 

An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, S.W.1I, on 
Wednesday, October 24th, 1951, at 5.55 p.m., Mr. Walter 
C. Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President), 
in the Chair. 

The Minutes of the Ordinary General Meetings held 
on May 24th and June 28th, 1951, as published in the 
Journal, were taken as read, were confirmed and signed. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of member- 
ship ? 

GRADUATES 
ASHFORD, John Albert, of Nazeing, Essex. 
Baitey, Jack, of Batley, Yorks. 
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tions of example 12 and the curve of Fig. 8 will make 
clear. 

One must normally start somewhere in a design, and 
the author chooses to elect a value for “n.”’ This is 
preferable to assuming F, y and oc as does Mr. Gifford, 
since he cannot be sure that his final design will, in fact, 
agree with all those factors. F can vary widely as 
indicated already, and y and oc depend on the precise 
part of the concrete and steel stress/strain curves which 
are finally used—a fact not known precisely in advance. 
Incidentally, the author did not assume top fibre strain 
zero at prestress in any examples given, and never 
makes a point of so doing. 

Turning to Mr. Gifford’s indication of his design 
method, any given set of constant conditions can be 
compacted into formule which will give size of beam, 
steel area, and prestress in afewseconds. The author’s 
method of design is just as amenable to this as any 
other. However, the object of this paper was not to 
establish formule based on assumptions of arbitrary 
constants, but to present a logical approach from a 
study of fundamental behaviour, and to get away from 
formule altogether until a proper understanding of the 
functioning of prestressed beams has been grasped. 

The author is pleased to see Mr. Gifford supports his 
point in reply to Dr. Hajnal-Konyi, that steel stress is 
not materially increased at cracks above the value 
between cracks in the tension side of a concrete beam. 
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Rosinson, Leslie William, of Birmingham. 
RuMneEY, Stanley, of Manchester. 
SAGE, Frederick, of Warrington, Lancs. » 
SHARP, William Henry, of Preston, Lancs. 
SHEARCROFT, Richard, of Kensworth, Beds. 
SHIRLIN, Gilbert Thomas, of Stafford. 
SPENCER, Derek, of Todmorden, Yorks. 
STOKELD, Philip Gawthorpe, of London. 
THURLOW, Raymond Charles, of London. 
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TINKLER, John, of Billingham, Co. Durham. 

UREN, John Michael Leal, of Pinner, Middlesex. 
WESTALL, Thomas Rimmer, of Warrington, Lancs. 
WuirtuHaM, Cecil, of Eccles, Lancs. 

WHITTAKER, John Basil, of Ilkley, Yorks. 

WHEELER, Edwin Alan Barton, of Bride wanker, Somerset. 
WoopHEAD, Stewart, of Coventry. 

eae Gerd Jack, of Crews Hill, Mp idieses! 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 


Thursday, December 13th, 1951 
Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by a Joint Meeting with the 
British Section of the Societe des Ingenieurs Civils de 
France, at 6 p.m., when Monsieur L. P. Brice will give a 
paper entitled, “‘ Construction of the Temple Barrage on 
the River Lot.” 
Thursday, January 24th, 1952 
Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. Arthur Bolton, B.Sc. (Graduate), will give a 
paper on “ A New Approach to the Elastic Analysis of 
Two Dimensional Rigid Frames.”’ 
Thursday, February 14th, 1952 
Ordinary Meeting at 6 p.m., when Mr. D. I. Lawson, 
M.Sc), “M-LE-B Mr Cael. Webster, -VeRs Gy aes 
Mr. L. A. Ashton, B.Sc., will give a paper on ” The Fire 
Endurance of Timber Beams ‘and Floors.” 
Thursday, February 28th, 1952 
Ordinary General Meeting for the election of members 
at 5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Dr. W. B. Dobie, M.Sc., F.R.S.A., A:M.I.C.E., 
A.M.I.Mech.E., will give a paper on “ The Torsional 
Strength of Structural Members.”’ 
Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


JANUARY EXAMINATIONS 
The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on ~ 
January 8th and gth, 1952 (Graduateship), and on 
January toth and 11th (Associate-Membership). 


HONOURS AND AWARDS 
In offering their sincere congratulations to the follow- 
ing member on the distinction recently conferred upon 
him, the Council feel that they are also expressing the 
good wishes of the Institution. 
ORDER OF THE BRITISH EMPIRE—C.B.E. 
Dr. H. SCHOFIELD (Member) 


PERSONAL 
Mr. A. L. Knighton, L.R.I.B.A. (Associate), has 
been appointed Surveyor of the Fabric at the University 
of Leeds. 
Mr. M. Cawley (Associate-Member) has been appointed 


_ Borough Surveyor, Water Engineer and Planning Officer 


to the Doncaster County Borough Council. 


THE MACLACHLAN LECTURE 
GENERAL CONDITIONS 

Through the generosity of Mr. John MacLachlan 
(Retired Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed for by 
Associate-Members. The conditions of the presentation 
are as follows :— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture and to be held annually. 


December, 1951 


2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second year 
the subject shall be confined to-steel structures. 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution, 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the:Journal of the Institution at the discretion of the 
Couneil. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit, he will receive a consolation 
award of £5. ; 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture is submitted or because no lecture submitted 
is considered to be of sufficient merit to warrant an 
award, or for any other reason, the Institution shall 
transfer these sums to the Research Fund of the Insti- 
tution. 


PARTICULARS OF THE COMPETITION FOR 1952 

1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1952. 

2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should 
‘be embodied in appendices. Photographs, drawings, 
graphs, etc., which would appear as illustrations to the 
lecture in published form, should accompany the script. 
Tf additional illustrations would be shown as slides, a 
list of these should be included. 

Lectures should be prepared in accordance with the 
tequirements of the Literature Committee for publication 
in THE STRUCTURAL ENGINEER. Candidates may obtain 
a copy of these requirements on application to the 
‘Secretary. ; 

_ 4. Six copies of each Lecture should be submitted and 
‘should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 

Institution is Monday, March 3Ist, 1952. © 


LONDON GRADUATES’ AND STUDENTS’ SECTION 

A meeting of the London Graduates’ and Students’ 
Section will be held at 11, Upper Belgrave Street, 
London, $.W.1, on Tuesday, December 11th, 1951, at 
6 p.m., when Dr. P. W. Abeles (Member) will give a 
lecture on Prestressed Concrete. 

Hon. Secretary: D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 

Twenty members of the Branch took part in a most 
interesting visit to the construction of the new double- 
line tunnel at Woodhead, on September 26th. Mr. J. D. 
Dempster, the Resident Engineer, took the visitors into 
the Dunford Bridge end of the tunnel, where work 
included excavating, drilling and rock blasting. The 
party was then conducted to the Woodhead end, where 
work was in a much more advanced stage. Several 


6.30 p.m. 
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interesting features were the stockpiling of aggregates, 
batching plant, concrete pump and the moving form- 
work for the tunnel. A short visit was then paid to 
the shaft which drops into the centre position of the 
three-mile long tunnel. The shaft will later be used for 
ventilating the tunnel. The party returned to the 
Resident Engineer’s office, and Mr. Dempster very ably 
answered various questions put by the visitors. 

_The thanks of the party are due to British Railways, 
Sir William Halcrow and Partners, Mr. AE D..Dempster 
and his assistants, and all who were concerned in making 
the visit so interesting. 

The Annual Dinner and Dance will be held at Longford 
ee Stretford; on Tuesday, January 22nd, 1952, at 

p-m. 

~The following meetings will be held at the Reynolds 
Hall, College of Technology, Manchester, at 6 p.m. 
(preceded by tea at 5.45 p.m.). 


Wednesday, January 30th, 1952 
Three short lectures by Mr’ W. H. Rosier, Mr. A. S. 
Sinclair, and Mr. C. Thirsk (Associate-Members), 
followed by discussion. 


Monday, February 25th, 1952 
“A New Approach to the Elastic Analysis of Two 
Dimensional Rigid Frames,’ by Mr. Arthur Bolton, 
B.Sc. (Graduate). 
Hon. Secretary: A. §. Sinclair, A.M.I.Struct.E., 
28, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 
The following meetings will be held :— 


Friday, January 25th, 1952 
“Notes on Soil Mechanics,’ by Mr. J. Kolbuszewski, 
Ph.D., D.1.C., F.G.S., at James Watt Memorial Institute, 
Birmingham, 6 p.m. 
Monday, February 25th, 1952 
“Some Aspects of Soil Mechanics with reference to 
Foundations,” by Dr. G. GG. Meyerhof, A.M.1.C,E.°* 
(Associate-Member), at Derby, 7 p.m. 
Hone scerary Ss Prous Deeley,” AM LStrior rs 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES AND STUDENTS’ SECTION 
The following meetings will be held :— :- 


Saturday, December 8th, 1951 
Social Function. 


Monday, December 31st, 1951 
The following films will be shown : “ Building of the 
South Bank Exhibition,’ ‘Prelude to Power,” 
‘““H.M.S.O. Sighthill, Edinburgh,” at James Watt 
Memorial Institute, Birmingham, 7 p.m. 


Wednesday, January 30th, 1952 
Annual General Meeting, followed by a film and a talk 
on ‘‘ Welding as Applied to Structural Engineering,” by 
Mr. F. Brooksbank, B.A. (Graduate), at James Watt 
Memorial Institute, Birmingham, 7 p.m. 
Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 
The following meetings will be held :— 


Tuesday, December 4th, 1951 
‘Factory Extension at Silvertown,” by Mr. Frank G. 
Etches, B.Sc.(Eng.), A.M.I.C.E. (Member), at the Cleve- 
land Scientific and Technical Institute, Middlesbrough, 


Wednesday, December 5th, 1951 
The above meeting will be repeated at the Neville 
Hall, Newcastle, at 6.30 p.m. 


JY 


Wednesday, January oth, 1952 
Joint Meeting with the Institution of Civil Engineers. 
‘Reconstruction of Houdon-on-Tyne Gas Works,” by 
Mr. W. R. Garrett, A.M.I.C.E. (Associate-Member), at 
Middlesbrough, 6.30 p.m. 


Wednesday, January 16th, 1952 
The above meeting will be repeated at Newcastle, at 
6.30 p.m. 
Hon. Secretary : lan MacGregor, M.I.Struct.E., 9, 
Ellison Place, Newcastle-upon-Tyne, I. 


NORTHERN IRELAND BRANCH 
The following meetings will be held :— 


Tuesday, December 4th, 1951 
“Prestressed Concrete Beams and Slabs,’ by Mr. 
A. H. K. Roberts, B.A., M.I.C.E.I) (Member), at the 
College of Technology, Belfast, 7.30 p.m. 


Friday, January 11th, 1952 
Annual Dinner and Social Function. 


Tuesday, February 5th, 1952 
“Some Economies in the Fabrication of Steel Sec- 
tions,’ by Mr. R. Montgomery (Associate-Member), at 
the College of Technology, Belfast, 7.30 p.m. 
Hon. Secretary : S. G. Duckworth, M.I.Struct.E., 
““ Lisleen,”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meeting will be held :— 


Monday, December 10th, 1951 
Joint Meeting with The Institution of Civ il Engineers, 
at Royal Technical College, Glasgow. “‘Some- Im- 
pressions of Technical Education in the United States,” 
by Dr. D. S. Anderson. 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.L.C.E., 
M.1.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 

The next meeting will be held at Newton Abbot on 
Friday, January 11th, 1952, when Mr. Wallace A. Evans 
(Member), will give a paper on “‘ The Reconstruction of 
Abertillery Bridge.” 

Hon. Secretary: E. W. Howells, 
c/o Messrs. T. L. Harding & Sons, Ltd. 
Stieet, Torquay. 


M.1.Struct.E., 
, 10/12, Market 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings will be held : 


Tuesday, December 4th, 1951 
Structural Engineering questions answered, at the 
South Wales Institute of Engineers, Cardiff, 6.30 p.m. 


Friday, December 14th, 1951 
“ Piling, with particular regard to Sea Defence 
Works,”’ by M1. J. Owen Lake (Associate-Member), at 
the County Buildings, Colwyn Bay, 6 p.m. 


Wednesday, February 13th, 1952 
‘‘Completed Abertillery Bridge,’ by Mr. Wallace A. 
Evans (Member), at the Mackworth Hotel, Swansea, 
6.30 p.m. 


Friday, February 15th, 1952 
A meeting will be held at C olwyn Bay, details of which 
will be announced later. 


Tuesday, February 19th, 1952 
‘“* Completed Abertillery Bridge,” by Mr. Wallace A. 
Evans (Member), at Cardiff, 6. 30 p.m. 
Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


Fe Ae sa ttasGollins: 
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WESTERN COUNTIES BRANCH 
The following meetings will be held :— 


Friday, December 7th, 1951 
“Some Recent Developments in the Bulk Handling 
of Raw Materials for Steelworks,” by Lt.-Col. E. Ward, 
T.D°A.MiiMech.E. (Associate- -Member), at Bristol 
University, 6 p.m. : 


Friday, January 4th, 195 52 
‘The Fabrication of Steel Structures,” by Mr, O. H. 
Willey, at Bristol University, 6 p.m. 


Friday, February ist, 1952 

Combined Meeting with the Institution of Civil 
Engineers. “Some Effects of Recent Developments on 
the Design and Construction of Concrete Structures,” by 
M.B.E., A.M.I.C.E. (Associate- 
Member). 

Wednesday, February 20th, 1952 

Annual Dinner at the Royal Hotel, Bristol. 

Hon: Secretary: C. E. Saunders, M.I.Struct.E., 
Dunkery, Edward Road, Walton St. Mary, Clev edon, 
Somerset, 


YORKSHIRE BRANCH 
The First Ordinary Meeting of the Session was held at 
the Great Northern Hotel, Leeds, on October 17th, 1951, 
at 6.30 p.m.. Mr. H. C. Husband was in the Chair, and 
the meeting was attended by the President, Mr. Walter 
C. Andrews, and the Secretary, Major R. F. Maitland. 


’ 


The Chairman introducéd the President of the Insti-._— 


tution, who installed Mr. A. Robb as the new Branch 
Chairman. Mr. Robb expressed the thanks and appre- 
ciation of the Branch to the retiring Chairman, and 
then gave his address, which covered many aspects of 
concrete design and construction. 

A vote of thanks to Mr. Robb was proposed by 
Mr. D. R. S. Wilson, and seconded by Mr. J. Dossor. 

The Secretary of the Institution, Major Maitland, 
spoke on the work of the past year and gave the meeting 
some facts and figures demonstrating the continued 
progress and increased membership of the Institution. 

The following meetings have been arranged :— 


Wednesday, December 12th, 1951 
“The New House of Commons—Foundations and 
Structure,’ by Mr. S. Vaughan, B.Sc., M.I.C.E. (Vice- 
President). This will be a combined meeting with the» 
West Yorkshire Society of Architects and will be held 
at the Great Northern Hotel, Leeds, at 6.30 p.m. 


Wednesday, January 16th, 1952 
“Structural Engineering at Abbey Works,” by 
Mr. A. V. Hooker, A.M.I.C.E. (Associate-Member). 


Friday, February 8th, 1952 
Annual Dinner and Dance, Parkway Hotel, 
Road, Leeds, 7 p.m. 
Hon. Secretary: E. Wrigley, 
The Drive, Alwoodley, Leeds. 


Otley 


A.M.I.Struct-E., "a 


UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.I.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days, Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. °Phone 
34-IIII, ext. 257 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary 
P.O. Box 1692, Cape Town. 


- R. Stubbs, M.L.Struct.E., 
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